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PREFACE

r.

il .

When Francis Bacon wrote the New Arian,s in the early iTth centu_, he envisioned a state-

supposed research institution in which knowledge could be applied to "enlarge the bounds of

Human Empire, to the effecting of all things possible.": Among the research facilities to increase

the protection and material comforts of the inhabitants of his imaginary island, Bacon imagined

an Engine House to study all types of motion, including flight. National aeronautical research

laboratories in Europe a_ tae Um,ea States in the early 2_h century re_-ec_e¢ Bacon's vision o¢

science applied to the practical problems of flight. Commitment to innovation accompanied

Bacon's belief in progress. His utopia honored inventors, not ooiificians or academics.

In "a , :he for.,.,4_ same commitment to innovation and _ ' _ " ".no_s_rlai progress won ; " " __" "_: e.- .edema ,u._m s

a _.,o_,o._ m Cleveland, On'o. Local ana national leaders expected the new iaborato_ to pro-

mote innovations in aircraft engine technoloDf to help win the war against Germany. Contribu-

tions to the development of superior engines for mi!itaw and passenger aircraft o-" __,,_e, World War

H justified the large federal investment in research facilities and personnel. Today this laborato_-

is the NASA Lewis Research Center. in contrast to the isolation of the ideal research institution

• "_ Ofof Bacon's vision, Lewis took shape in a flesh-and-blood _oA.. personalities, national security

concerns, and postwar capitaiism.

Two transitions,both precipitatedby advances in propulsiontechnology,provide the struc-

"'_refor my ..._,,.'_¢+_",.the revolutionin jetpropulsionduring World War ii,and the'_auncn:: of

Semma inOctober !957._acn had significantnationalpolitical,military,ana economic repercus-

sions.'_' ......_,acn %reed the mbora.:ow to restructure its research program aria to redefine its reiatmn-

ships with its three constituencies--the mJiita W, indust W, and academia. Within this framework

i have ::.._"_ " _, "_ _mo,_no_._ the ,t..a_ reo'drs *'- "'¢P ",_ " ! _, _ ..,a.sa.oms._e., one theme ;_* ,a_,o,a_o_ s history-the tension

between fundamental or basic research and development. In t'_e process of writing my history i

_ mese terms could not be defined a.., &_y absolute sense. Their _ ;-c,found ,h_,__' m_an_.o is enmeshed

in the histo.'T of Lewis, and the definitions of research and development changed as Lewis evolv-

ed. As an ms_,udo., Lewis engaged in a continuing reevaluation of its role "*_"__..m the American

propulsion communiw and, aker the formation of NASA in 1958, within a vastly expanded

federal bureaucracy.

My book is neither an administrative hisio W of Lewis nor a chronicle of its technical

achievements. This %7pe of history.would have been impossible to write, had i wished, because
ofthe " _ ' of "" 'serious rock raw material out of which to craft a mstory. Lewis does not have a iaborato_

archives. Few administrative records survived the periodic review and disposal by conscientious
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ENGINES AND INNOVATION

records managers. Of necessity, much of the documentation for the eariy chapters of my book

came from the National Archives and Records Service in Suitland, Md., where the records of the

NACA Main Committee and Power Piants Committee are stored. John Sloop's Liquid Hydrogen as

a Propzdsion Fuel 19_5-1959and Alex Roland's ModeZ Research: TF_eNaf_onal Ad,;isory Committee

/or Aeror, a_cs 1915-7958 provided me with useful background for the NACA period} I also used

technical papers produced by Lewis staff. For the period 1958 to 1977, I found brief references

to Lewis -:- books about the space p -_-_,rO 6, am.

Inevitably, ! have passed over much ,n,e_es_mg_* - :" and s:_gn,_cam;::: work at Lewis. Nevertheless,

the paucity of documents may also have liberated me to ask broad questions and to dig for

historical context. Thus, the chapter entitled Jet Propulsion: Too Little, Too Late focuses on the
nationa, _ *,_ '" • . --s_ra_..gy to develop a gas turome engine in the United States. By uneers.mnamg decisions

reac_,ea at a national _eve_, i was better able to tackle the suosequent *- ._ " _ of *_.e,.ans_ton ,. "aoorato_

from research on niston en_nes to ]et p.op_s,o_, james R.._ansen's ongma_ research in Engineer

in Charge contributed to my understanding of the NACEs early effo_s in iet propulsion. Edward

W. Constant's The Orf_ns of the Turbojet Re'_ob_on was ;.mpo_,-_*..... _n framing some o ;_ the ques-
4" 'r', "r_o_,s _ asked in this ' ' " • , • •chap.re.. Moreover, his essay and others :n The Nature o[" Tec,_no_o_ca I

Knovo!edge stimulated me to think about shifts in technological knowledge shared by a community

of practitioners both within and outside Lewis. 3 The chapter entitled Seizing the Space Initiative

focuses on the crisis precipitated by Sputnik. i found the role of Abe Silverstein and his team from

Lewis significant in shaping the early years of NASA. Moreover, i traced the roots of some of

T ; ' " ' ,_,,_;-,c, "v Keit.h G!ennan's years._ewus s future problems to the organizational structure concezvea ,_,_._,_ _.
as NASA's first administrator.

hoDe that my book is a conL_b_,o_: to the ....c_,.rem effort among historians of technolo_-

to understand technological innovation as a social activity or process/ ! was interested in the

s:tategies developed by the engineering community at Lewis -:._response to the new theoretic_

demands of the gas turbine engine and how the '_" .....-_oo._o_, acquired, new en_meenn_,oo knowledge.

When ! looked at the relationship of Lewis with Case Institute of Technology, i was surprised to

find that in the earl)" postwar era, Case was on the receiving end of Lewis's expertise in gas tur-
bine and ' .... _a_er, as Technology cevelopea graduate programs,_,.c_,no,og_. Case ,ns_meT*;" "_ of
this scenario was reversed.

B_.U._ 0 T o+ ,,_, r ". _. ,, , ,.. _.o,,. s article, "Give Me a _aoo,_o_ ana I will Raise the V%rld," s_zmma_ea_.... me
to consider the • *; "- of .me " '_ques_,o_, " laboratory's leverage or destabilizing mnuence on constituencies
outside its * s -ga_es, i_atour's analysis seemed -, *; ,,'._: "'_an_c,.:_._y cogent wztn respect to the laboratory's

relationship with the intensely competitive engine companies. Instead of focusing on specific in-
novations, _ considered innovation in *" ,.o,,ex_ of the laborato_-'s role -:*_': .-,, _-w_....n the A_,e_can pro-

r_, • _.sf,.. from the _, _,"-'_ --_pulsion communkv. _v_;:m_ were the mechanisms of technology *-^,_ ._,,_
the nrivate sector ,_;"the NACA era? How a;,., this .... ._: -, _._-. .e_..o_.s._._ change under NASA?

Some former Lewis staff may wonder why i included an entire chapter on Lewis's opera-

_O_S research.Xo doubt thiswork occupiedone ofthe lower rungs intheresearch'm,,,_,c_<'_--;,- put

ithought generalreadersmight findicingand crashfiresofgreaterinterestthan more recondite

areas o_. '--_,.;"-'-.,_6-"'_;"'_;_'_'_"used the chamfer, to demonstrate why. the oo_en,me,A¢' " _ unde_akes certain

types of research, the leverageof federal safety regulations, and the response of industry. I am in-
" ;" for ..... : "debted to the late Wtnam O!sen some of the documents an_ :ns,.gnts mtn:s chapter.

i wrote two thirds of the book between 1984 and 1987 under a contract funded through the

NASA History Office. It took me two more )'ears to complete and revise the manuscript. My
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contractst_pula_eathatmy won< was to be guidedand judged by the standardsof a proresslona_

historian. I was free to interpret Lewis history as iong as my " + ",+' s_a_eme..,s were supported by

evidenceand my speculationsclearlyindicated.Beyond the requirementto submit forty,repots,

i was left alone, in general, there was no restriction on my access to documents. However, I did

not see a portion of the NACA cotlecion on nuclear propulsion in the National Archives because

it has not been declass_ed. Two professional historians, Clayton Koppes and james "" -_a..sen, and
4- t't'two former NACA-NASA Lewis s_an, John Sloop and Seymour Himmel, reviewed the manuscript•

Their critical reading helped to improve the technical details of the book and to sharpen my

a_oume.:.s. At no time did i fee-.' pressure to change my inte_retafions. Despite their carefu_

review, 1. am sure that my work is both impedect and incomplete, for which I oea_ :u_

responsibiii_.

Many oeooieatLewis and elsewherewillLnglysubmittedto _=_edas wellaslessformai;'_

" *_' ' ' , he_ are too numeroustne_. cooperation. _" .terviews. _ would like to ,mnx them most heartmy for " ""

to name individually,althougha listof formalinterviewscan be found in my essayon sources,

In addition, Clinton Brown, Robert, _" .... '_ " '_ngnsn, Bruce Lundin, Hans yon Ohaln, S,_,.

Moore, Ben P...ke., and Abe Silverstein commented on some of my early dra_s, l cannot rerrmn

from mentioning the support and enthusiasm of Louis Cheiko, Melvin Ha_mann, the late George

Mandel, Walter Olson, " " " -- a -n'vmg PinkeI, _arre-. Ravle. R%e, Luidens, " "., "_-,'". . 3on._ S_:n_z, _rnest Walker,

* ,_ . the EducationalisidoreWarshawsky, and Alan Willoughby.Lynn Bond_ant and _h,.stKf o_ "

Se_4ces Division were my official!ink with Lewis and provided me w_,. officespace and

graciouslyassistedme inmyriad,ways..Ialsoreceivedextensiveand *cme_y......suppo_ :rom the start

of the NASA Lewis TechnicalLibrary,especmhy Evelyn Carnana..,who cheeffuilyprov:aea ac-

cess to Lewis recordsstoredat Plum Brook and elsewhere.

Iam.indebtedtoRichardWood and hissuccessor,john Butler,attheNationalArchivesand

Records Se_ice, Suitland,Md.; Lee Saegesserof the NASA History Office, ' '_: *V4as-..mg_on, D.C.;

Richard Leyes of the Nafione2 Air and Space Museum, Washin_on, D.Cj _chard Layman at

Langley Research Center, Hampton, Va.; and Donald Hess and Jm-,.et Kovacevich, Johnson Space

Center, Houston, Tex. i would like to ,han_ _chard Hmnon, ._ioe_, Misenko, Marvin S,o ..... and

Lois Walker for*_'_- " w..e.. assistance at various arc,.-ves at Wright-Patterson Air Force Base, Damon,

Ohio; also, Helen Near, FBI ;= _" _-'_ _ " ' ' eVes_e,n Reserve.,e=aqu=,_e.s, Washington, D.C.; ._".n Smaeiar, _" _ -

"' " .... 7Ves_e... Reserve University -_'_: •ms_oncal Society, C_eve..'and, Ohio; Dennis Harrison. Case ' " * -,, . A_,.,,,:es,"

'" Mmoroo:<e .op,.nco_, _m,ea Tecnno_og'.es Arcmves, EastCleveland, Omo; Anne "'" ' and Harvey U o " "" "_ ......
_,-.4:_r,4 Conn.

I am especially _'o'"_"_ " "" _o°_._...._, to Sylvia Fries axe the _._*_ of the NASA H_s_o_f Office for their

pro_ess,_onansm, confidence, and forbearance. Fe.xow ms.:ormns M .... a, McMahon, Edwin _.y_o,,"_ " _'
r^;, ,. ;,',,', n : _ T kW,_e. V .... e._t_, aria _o_.n Mauer generouszy agreed to comment on individual chaoters.

Colleagues in NASA history Elizabeth Muenger, James Capshew, and Craig Waft supplied

documents and encouragement. ! received many ;,,=;_,_"= - "< '. . .... o,._o, p.a,,aca_, advice, and strong suppo_

from _ames Hanson of Auburn U..,ve_s.ff, Auburn, AIa. : do not know nov," to express my

gratitude to Cia_on Koppes of Oberlin College, Oberlin, Ohio, who shared the adventure and

oumea and insoiredme. LaVaughn Craigimproved my style :*_,. . w:,. grace, wit, mud efficiency.:ma,-

!y, my thanks to Dave, jeff, and "_ """ who .. me enterprise from. ', _; "_'_'_..,m.:y, suooorted +" oeo,n..,,, _ to end, and
,1 • 4..to my father, Alfred Parker, for s,muia_m o my interest in engineers and eno.ne_,:.=_;-':g.
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CHAPTER ONE

AIRCRAFT ENGINES
FOR WAR

On janua_ 23, 194I George Lewis, the Director of Aeronautical Research for the National

Advisory Committee for Aeronautics INACA}, drove a special nickel-plated pick into the frozen

Ohio earth. Standing huddled in a semi-circle around him, representatives of the milita: 7, the

aeronautical community, and Cleveland city officials watched Lewis break ground for the new

NACA Aircraft Engine Research Laboratory. This iaborato_ would one day bear t'is name. Lewis

paid tribute to Cleveland as a _,eautlm_ site, ideally located, adjacent to one . ._e fLnest airports

Ln the world, with a!l the desirable facilities that the city of Cleveland offers." He remarked that

it was appropriate that the laborato_- was only an hour's Nght from Damon, where Wilber and

O_-ilie Wright nan co,As,m,._ee their first a_iane-mc:udmg the engine. The V_r'..gh_ orotners nan

not tackled the job of *_" ÷_._cons, ,c.._.o their I2-horse_ower engine by choice. It was an 'honor _h_

was forced upon & .... because no engine company was wzmng to accept the unusual job of

adapting an automobile engine to power an aircraft.:

The predicam.ent of the Wright orotners in _90o :o, esnaaowea tee att'tudes of me aircraft

engine indust_- on the eve of America's involvement .:.n.World War Y. Conservative m,_.aoeme,_--,c, ,,.

and the drive for profits of the two major aircraft engine companies-Wright Aeronautical and
P.a, & :'"V_miner-made them re!uctant to accept race,cos changes in _ ," e. ex.sano engine designs, in a

piece of machinery as complex and precisely put together as an aircraft engine, innovations could

compromise an engine's _eLa,,fl_?. Commercial airlines ado_ted_ the m<,__edo,,radial engines .°ro"

duced by the two American companies eecause _._ey were dependable and conserved .'ue_.

" ' " " -" ' " _ ."_,:" capable ofHowever, the Europeans,pa_icuiarly tlze Germans, na,.q ,,eg_,,_ to aevelo_ e_o_,es

greater speeds and _._o,e_'__ altitudes, indeed, a B-:_.sh-:'_technical mission to the "_m_ea'"' ' States in

I940 informed military leaders of a radical new form of aircraft engine based on jet propulsion}

Regarddess of whether jet propulsion proved feasible, no one doubted tha_ for the first time in

histov air power wouid be among the technical factors to determine victo_ 7 or defeat. To match

the accelerated develo._ment of European azrcra_t tecK.o_ogy, the U.S. government would nave to

invest in aeronautica I research during World War ii on an unprecedented scale.

Cieveland's new NACA Aircraft Engine Research Laborato_ had a role to play {',. the no-

doffs preparedness. Government engine research represented an investment in innovation. By

assuming the costs of research and + " o,eStmo, the government could pursue promising new

technology, regardless of blind alleys and false starts. NACA engineers could determine tlae
t , . _ 0 _ , . _ ,. .ecnmca_ feasibility . an engine aes_gn or component before nancang it over to the engine
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"<1i¢:;: "

The _ozze_ ground required both pick and shove at tke ground-brea_zng ceremony for the new AircraO Engine
Research Laboratory next to the Cleveland Municipal Airport. Left to right in the #oreground are William R.
Hopkins, former city manager who de-eloped the airport; John Berry, Airport Commissioner; Frederi& C
Crawford, ,_esident or the Cle'd.and Chamber of Commerce; Genera_ George Brett, Edward "Warner, and
Captain Sidney Kraus of the "VACA Main Committee," Edward Blythin, "VIayor of Ctevelan& and George W.
Lewis, NACA Director of Aeronautical Research.

comoanies for development, tn theou, " "" me risk out : " _: --govemme,_ research took _' o.-"

Future practice, however, wou!d " * ,-,,; .',, " - ........ee_er .... ne w,,etne, .:he !aboratorv .-',=_,'_,,_ this ideal, it was clear

that building ran,_,,-+_,_,,,,,with the intensely comoetitive aircraft _ ,';,,. ,.n_.,e companies would not be easy.

Only the war could force them to suspend their historic distrust of go,_e.,_men,",',. . _ " _-'_- ,,. mte.,,..e.ce.

NACA: Anomaly Among Government Institutions

Cieve!anders who read the newspapers the day after the 194I ground-breaking ce, e,.,o.:x

had probably never heard of the National Advisory Committee for Aeronautics, usually referred

to as the NACA. It was a smaii, civilian research organization, highly regarded within the world

aviation community, but unknown to the general pubiic. The i9i5 Naval Appropriations Bi11that

had created the NACA during World War ! mandated its close relationship with the aircraft in-
dust.,',,-. It was cnarge_ -;¢ of ...., w,.n the suoervision, and a:recaon &,, scientific study of the _,o_ie...s">' ,_

of flight with a view to t/qeir practical so!ution. ''s The Advisow Committee, which directed the

NACA's research program, consisted of 12 prominent members of the American aeronautical com-

munity: two each from the Army and Naw; one representative from the National Bureau of Stan-

dards, the U.S. Weather Bureau, and the Smithsonian ." +_.... " • % _,. ,_.ns.._,a_mn, and n e additional _, la._,.

2
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i

members, selected because of recognized _" _*; ;," " 'ex_e,_,se,.:aeronauticalscience or e,.o_,e_..'_o:__'_l.;g.

,M.em_'_,e._s received no financial com._ensation._ Although the at-large members ----o--,m;°_"'_"e,efrom m-"

dustry or affiliated with a university, they were expected to rise above politics and narrow com-

merciai or professional interests to serve the aeronautical needs of the counLw as a whole, it was

a mark of ._rofessional achievement to serve the NACA in _'m:.s"advisory, cat)acity..

Because gov,..m..entmnamg of scientificor engineering_ ,'_ " "_esea.... m the pre:WoridWar il

._eriodwas unusual. -__ -* " "' me NACA from being. co,_s_a,_v_guancewas necessarytoprevent" sw&ioweo:''

ms_utm;.s w1.:nm federal bureaucracy. Accoramg to one author, the NACA wasup oy Ia,_e_ : _'_ " " the

"a _voiitical freak, riding on the glamour of aviation to escape the _vrewar _vattern of oo_,e._,_,e,__" -,_'_" ,'÷

' _" ";_" _ _"_ " : ' _,_,es _ts very" existence seemed precarious, m the yearsre!a_lons w,_^_ resea_c_. Alt_oug_ at _;_ • " "

between the two world wars, the NACA ' " :' ' " itself "_"P.",'_"_ _"_*_.... :_-" It was notes_aoi!sf,.eQ as an _ ........ o ......_'_'_"

the glamour of : _: "- _ ,_av..a_o._ alo._e that allowed government-sponsored research m aeronautics to
flourish while federal ¢',_"_:'_, in " * .'_ : _', .... _._ other , "_:;'," ....sc,e_._;_l,, an¢ _e,.,m_c_ areas languisnea. The NACA's

tecnmcai ac_,_eveme_s an,, careful stewardship of its finances earned the NACA respect ;'*-;-"
• i_[_o, + _ _ •the Was_ .... o.on oureaucracy. Always an anomaly oecause of ;",_s umque committee structure,

which was more like the board o _.directors of a company" than a oove_"_,m'_',+ agency,, fine"NACA's

significant role in the development of aeronautics in "' '_ ' _'m,. _92,,s and 1930s ensuree its survival•

More than any other individual, credit be!ongs to George William Lewis (!882-1948] for

building the fledgling agency into a respected and eneurmg rec_erai _,s_,_,_m,. Lewis se, v,.a as

' :_ _ "of .... : _ from " " _,_; ,-_*-D.ec_o; Ae_ona_ca_ Research 1923 to i947. A 1908 gra¢uate of Corne._! V,;,ve_s_ff with

a mas_er s degree in mechanical engineering, Lewis * " " _ ' " e._omee.,_,g at S_ _ ..... o_e

College from I9!0 to z.,_ _. He then became head of research for Clarke .'rh_._sc,." ........... a _rivate foun-

dation established in Philadelphia, Penn., to "_" " . ....pro,_,o_e aviation, esoecm_iy advances m aircraft pro-

pulsion. One of the problems Lewis " • _" * " ,_.,_ _en_,.e at Clarke _" _'_m_es_ga_ea _,,_;-_ his " -,_ _._omson was _,e

.ootentia! o.-'.gas turbines to power aircraft. This early experience with gas .*_u.--';_,mesmay" have ieft"

Lewis pessimistic about the _'-_,-_,_ f : _ _ _ _ _ -, ;,_ _',-: '.,_,_.,. o _e_ propulsion, a _ac_o. o_ co,s.,.er_,,e significance in ._ann-

ing the Cleveland laboratory in !940. s

Lew_s's work at ,..iar:<e _nomson during World War I orougnt him to the a**_e.._o_.',_:" of *he._
• _,,_ .__.,:.NACA, and he se,wedon t_e NACA Power PlantsCom_,_,_ee•Originallythe NACA had :_ ,,' '_

to appoint a _ "_*, * " ....sc.e .... s_ to organize and direct '.is aeronautical research, but the :;_o* ,h,_,.o_ _.,ee cane'aates

rebuffed the NACA. As the new Langley Memorial Aeronautical _._oor_o_r_, _, ' in .,_,,p_o_,,'=_","_ - Va.

neared compIetion in 19i% the NACA recruited Lewis to become its first Executive Officer.

-*>_"",," Lewis lacked ; *;_: .... hesc.en,x;c crecmnna-s, ._roved to be an excellent "'-<-'; _ : ,"a_,,_,_..,st.a_o, and an

inspiring technical leader. The rest o.".his life would be devoted to the NACA. _,e;aagg.ess-ve_y-" '
recruited scientific and en ineerin_ talent to -*_"t _, ....g _ o_,:_ _._eLangley Laboratory. He obtained ,_:,,_,,.-,c, _,,

the ex_ensive tools of research. By the late I920s the NACA's research facilities, such as me

Variabie Density _',, : ....:u,ne, and the Propeller Research Tunnel, were as advanced as an?" "_. me world.

Lewis kept a close watch over NACA research programs during those earl?" ?'ears, visiting

Langley as often as once a week. He did not believe in rigid chains of command expressed in

elaborate organization charts. He set a tone of congenial informality and flexibility to encourage

engineering - o_" ; .... * _" ofc,e_,v,_y and, above an, teamwork• He paid scrupulous aXention to eveQ" ee,a.:

the research program to the point of personally reviewing every p.oc_.:e,.:e.,_,.... ,,.* order, rr._,..,c,.,'_.

Lewis's direction in the I920s and !930s, the NACA made solid contributions to aeronautics. The

NACA cowling (which partiaiiy covered the engines to reduce drag and allow engines to coo! more

3
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rr, - ,

ezz-c:endyi, ' _ " of " 'retrac_ao.:e landing gear, and studies the e:zec.:s of *- ._'" "s_.ea,mmng all "' _ "contnou_e,_ to
the NACA's solid reputation in the aeronautical communi_,.

The NACA's family of airfoil shapes for wings, tails, and propellers exnressed what was

meant by the NACA's duty to use scientific Mnow!edge in the design of aircraft. To develop an air-
, {,_o._ shape, for example, _-eqmrea" ' a

theoretical ".una,,.s_a,m,%_-" " ' _ of &_ science

of fluid dynamics, but to make this

knowledge of practical use to industry,

designers needed e,om,.e.,"o"_ _-_,..,oresearch.

Each shape had to be tested in the wind

tunnel to determine its actual lift and

drag• With the characteristics of each

shane, defined *'_-_,:,_'-,_**_,,,_,testing, it was a

simple **ma_e, for industw designers to

select a pan,curer mno:l to satisfy specific

design requirementsJ

George Lewis served as the liaison

between the Advisory Committee and the

Langiev" ' -"* - _,.o_.**_a Con-

gressiona hearings at >&ice NACA an-

propriations were considered. His

associates on Capitol rim: trusted his

technical judgment, for he had the am:_"":'*,

to transiate complex scientific and

en_inee.-'in_ language into Fain ,%.:s,..p_,': _" George *,aZ Levois, NACA Director of _ronam.c¢.*,• *; 1
o ^ " 0 r ' to• Reser_ ca from 1924 19_Z

Lewis was also sM_ed in his dealings with

he .41La,w, wn-cn funded a substantial

po, .o.= of the N_.CA s research. TNs "*'as an ; "_ "_ ofasp,.c_ his joo, ,*or w._,,ou_ the con-

fidence of tb.e Army and Naw, me NAC=, :n n'.s own woras, would have been a "dead duck. ''r

innovations suggested in NACA research ...., epo. _s _'_" became - "'-'" _" " o"v:,,,., %,e,,,a,c_,,o...s 'n the d,,S.o.,'°;_" .
milita"y aircraft.

• a. • ; •

John V_c_o_, tne NACA's first samnea employee, se_ed as George Lewis's ,-e,m_;,_-,_
_- ga

m &,. NACA's small _.A_sh.,.o,O.._ ""_,* ", office. With _oiitical savvy, he attended to the adm"-;s_=a,,v,.'-÷; ,"

detail required of federai; ""* "*" " _,,.e,.cu..me_ec -'_, .... + .-ms_,-mlons--eve., one as ,:-, "- ' "_: " " w_, bureaucratic st, _,.,u,e as
• .T^ ^ ,_

the early N._.C_. To keen me NACA within the bounds o_ ''"its enao:mg _,_-:-_",,-,.... o,O,_,,_,, Victory kept a
copy of the 19!5 a.u, in ms nr..as_ nocket, o- ,-; .-c,.,emo.,,o_,s,y drawing it out to ":" _ ". a, mt.a_e questions of

• _ o: ..... .e ' ' Ofpolicy• On &.. eve ^ World War It, the personaimes of Lewis and Victo,-T reteczec, the image
the NACA. It was a resnonsib!e, ,.o..metem. somewhat conse_wative _,- , *" ,,o.oamz&Io_, that nag earn-

ed the respect o:. its two constituencies, the mi_tary ana _..e _.c_a_"* ma.s_.y.:"" _- Yet by the" late

.9a0s, _'_e NACe. seemed to be resting on _ts iaurels. The _ ' p "" of ..... ÷; o__" _eve.o_,me.,_ ae.ona,_,,ca, research

in Germany began to shake it out of its complacency, s

FROM INERTIA TO ACTION

At first the NAC._. " _"'_ .... + engine technoi%,y .,,*-, -÷wa .... ea _uro_ean. devemp,.,e.:.s i,*_ w,._,ou_" full

awareness n.=,_ho_."mpILa2o,,s:,_ ._:_. forAmedcan _" ' _**........ na4onai _" _:÷' " "* * * se,,u,,_ b :_ September !936, George .'-.ew-s

4
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visited Germany to evaluate re_orts of -,'_'_"* " ; " " _ +- ; _+" "_ German. ....._ expa_.s.o_,an_ de,...n..aHz_ao.,of

aeronautical" ":"" " _ 'rac_it:es.He found that researchunder Ad _f. o_ _aeum_er was being funded and

staffedon a grand scalehardlydreamed of in the United States.Baeumker reposed directlyto

Hermann Goering,Hitler'sAir Minister,and thereseemed to be no limitto the funds available

to financeBaeumker's grandiosescheme of aeronauticallaboratories.The Germans, he wrote,

were contemplatingalong-rangeresearchprogram, itsmajor emphasis was toincreasethespeeds

of airplanes,regardlessof the expense.

Lewis pointedout that,priorto Char-cellorAdoif Hitler'sriseto power, funding forthe

Deutsche Versuchsanstaltf(irLufffahrt(DVL} at Adlershofnear Berlin,the German counterpart

of Langley Laborato_, had been limited.Hitlerapparentlymade unlimitedfunds availableto

Baeumker. For milita_reasons,theGermans had decidednot toconcentratealltheiraeronautical

researchand development at one location;therefore,Adlershofwas tobe supplemented by two

addi.tionalstations,one entirelydevoted to engine researchatStuttga_,the otherformore fun-

damental aerodynamic researchat Braunschweig.A largeand elaboratepressure-_,'pewLnd tun-

nel had been completed at the Universityof Ooettingen under the directionof the famous

aerodynamicistLudwig Prandti.Lewis noted the extensivefacilitiesforaircraftengineresearch

and testingat the DVL, inpa_icular,altitudetestfacilitiesforboth air-cooledand liquid-cooled

engines.Research infuelsand lubricants,stimulatedby the impending acutesho_ages of fuelin

Germany, took place in a specialroom containingan array of single-cylindertestengines.He

pointedout,slightlydisparagingly,_ _ ' ....... _ _.:a_ the electric dynamometers and other gadgets made :_.".._

wonder whether he was. '"in an engine-testing laboratory or a small edition of the Licke obser-

vato_."9 Althou_ Lewis considered NACA facilities supeior to those in Germany, the number

of personnel and the advanced level of their training woried him. He estimated that in the near

future there would be about I000 employees engaged in ae.ona,,,,,aI research at zour separate

sites compared to a mere 350 at Langley Laboratory. Even more serious was the superior technical

trainingofGerman scientistsand eng;meers.Graduate engineeringeducationinthe United States

would become increasingly impo_ant as the theoretical demands of aeronautical engineering

-ncreasea.

Lewis's re_o_ on his 1938 tip to Germany was _ae _._:_'_.nt;ma.ao._;" _" - "'_n,,^+ the NACA's Langley

Laborato_, might be inadequate for the nation's future research needs. In response to Lewis%

repot, _h,.NACA set a special _0:'+o "co,-rn.._e,, unCer General Oscar Westover, then Chief of the

.Army Air Corps. It took three years for the committee to address the question of the relation of

the NACA to defense of the UI'_ted States in the event of war. :°

Meanwhile, milita_" aeronautical technology Ln Germany was rapidly ove_al-dng that of the

United States.As earlyas 1937 T _., . .ec.....c_ ass_s_an_ in _'u _,_'_ warned._o;,,, Jay Ide, .:he NACA's ' _'_; _" " " *

of the resultsof German advances. He reposed that Germany was producing extraordina_-

ai_lanes and enginesthathad enabledthem, with theirallyItaly,toseta "holocaustofrecords/`

Ide noted that in the development of aircraftengines there had been no spectacular

breakthroughs. Steady Lncrementai improvements were neve_heless pushmg European eng;me

development to new heights. Both England and Germany had developed liq'_d-cooled engines

wi_',, two-speed superchargers to power fighter aircraft. By i939 Ide had concluded that, so great

was the German emphasis on _ne development of new tecbmolo_', the ne_ war would be a "war

of workshops." The count_" able to develop the most advanced aircraft wo'id have a strategic ad-

v^-+°_ Ide emphasized _:"* *_e=.... _,.. _::a for _:. Europeans it was speed above aH that was impo_ant. The
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Germans had airplanesthatcouldreach speedsofover400 milesper hour.The fastestplanes,he

noted, allhad liquid-cooledengines}:

In le_ersto _e NACA from England,CharlesLindberghalsodescribedEuropean advances

in aircraftpropulsion.In iJsletterof August 1937 he expressedmild concern:"As Dr. Ames said

in one ofhisle_ers,American aviationis,generallyspeaking,stfliwellahead of European avia-

tion.However, I believe we must work ve_- much harder ;- _,e ;"_"-.... ,_.e in order to maintain our

leadership. ''_'z Lindbergh was especially impressed by the new facilities at the Junkers and

Heinkel aircraft companies in Germany, built at _nw_r,_,_+o.......... _. expense. The n_;+:o_, to. .....:o_, also seemed

be pushing ahead of _e United States with new engine types. He noted that Europeans were

developmg rockets and urged the NACA to begin work in rocket development. He recommended

that the NACA contact America's lone rocket pioneer, Robert Goddard, about future cooperation.

Unlike Wernher yon Braun, the arciitect of the Nazi's fearsome V-2 rocket who closely scruti-

nized Goddard's papers,the NACA consideredGoddard too visionary.13

As Europe moved closer to war, Lindbergh's increased sense of urgency drove lira home

from Europe in 1939. He went straight from his steamship to a meeting with the future chief of

the Army Air Corps, Henry Harley Arnold. Amold recalled, "Nobody gave us much useful infor-

mation about Hitler's ah- force until Lindbergh came home in 1939. '':'¢ After the slow-moving

Westover committee recommended a second laboratory for research in aerodynamJ.cs and aircraft

st_ctures {the future Ames Aeronautical Laborato_- in Su.nnyva!e, Calif.) Lindbergh agreed to

char a Special Committee on Aeronam-ca_ Research :ac_,._t_es."..... Lm¢oergn was convinced that the

United States needed better aircraft engines. _s As Hitler's September BZitzkrefg swept through
Poland, "" _" - _' - 'co,,_m_tee urgentq{ recommended the _,, ÷; ,-_m_,oe_g...s "_' :* " cons_.,c_,o_,of an engine research

iaborato_ in a locationaccessibleto the engine companies. Lindbergh was convinced thatthe

development of liquid-cooled engines was not receiving sufficient attention in the United States.

Other high-level aviation expels shared his view. The periodical Science warned that the nation

needed research facilitiesabove all because of "the superio.:dtyof foreign liquid-cooled
e_;_ ,,16

,Li02*_.Oo

The recognition of the gravi._ of the *_;.-, ' •e,,o,,,e situation coincided with the ._- ,_ .... -

the leadership of the NACA. The same day that Lindbergh made his recommendations, the NACA

elected Vamnevar Bush to take charge of forging a wartime research program. A former Dean of
Eng,ne,.nno and Vice Presidentof the MassachusettsTM ;*.,_,_of•_.st,,_,_,.Technology,Bush * F" ":_ "

the vaJ"ue of research. He greatly admired the NACA and looked upon its _ "_; _: -_oroa._,za_o- as a model

for the mobilization of science. _nown as "corn" a sc_e,_s,:"+" + and a hard-headed practical ,',,_; ....

he considered the best engineering to be applied science. For him, the NACA exemplified this
ideal. 17

The NACA elected George Mead, former Vice President of United Aircraft and one of the

country's most respected engine designers, Vice Chairman. Sho_iy afterwards he replaced Bush

as head of the Power Plants Committee. He would oversee the design of the new NACA Aircraft

Engine Research Laborato_- in Cleveland, Ohio. Mead's experience with engine development was
longand impressive. From _ ,- ;', _ _ 'enomee,-,_,-cha.oe of the An,qf- s Power Plants -',aoora_o__' _ :n Damon..

Ohio,Mead had become chiefengLneerforthe WYight AeronauticalCo_o;a.on.*"; in 1925 he left

Wright with Frederick B. Rentschier to found the Pratt & Whitney Company in East Hartford,

Conn. Mead's engineeringgenius was responsiblefor the ' " 'successful design of the Wasp and
Hornet engines, which turned the fledgling company into a formidable :" o.:
Aeronautical._s
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The defection of some of Wright Aeronau_ma s most abie staff and the subsequent success

of Pratt & Whitney had created a bitter rivalry between the two companies in the commercial

development of air-cooled engines. Neither company, however, had taken great interest in ±e

development of engines with liquid cooling. Profits for both companies clearly lay in the con-

tinued development of the air-cooled, or radial, engine, in a country 4,_.,. w.,.,, vast distances to cover,

the air-cooled engine was more rugged, :.o_,_,_;_"-'-,and consumed less fuel than its iiquid-coo!ed

counte_a,_. It could be maintained easily, and it did not require a radiator, which might be punc-

tured by enemy fire. To increase the power of the radial engine dunng World War II, up to four

additional banks of cylinders were added behind the initial nine, _ "-: > ." "'._.a_ung Le e.4_-e more difficult
to coo!.

By the early 1930s the militaw concFaded "_.a*_.:_ for strategic reasons the United States should
not de_end ":'" _ _ ' " '. ex,..us.ve.y on air-cooled engines, despite their aommance of both the milita_ ann

commercial markets. For military applications, where speed and high _'_'" "=,a_uae were important, the

liquid-cooled engine had great _ * ""a,,vamages. ,he sleek in-line - --_, .,". ar:a_.oeme-._ of its cylinders "." _,*,.aeaa._

that the engine couId be placed in the wings, - *" - ' . " ' "- ',a,ne. than up front m the fuselage bem.m the pro-

pellet, where the bulky engine could obstruct the vision of the pilot. The Army supported the

develo_ment of iiQuid-cooled engines by several companies. However, by !94.0 oniy '' ' " -,. _ .:_.e Aiiso.

V-1710, made by the Aliison Division o_ General Mo,o.s, was ready to be mass-produced for

fighter aircraft. Before !943 the .4diison was inferior to comoarable. European F2-.;.._,..d-coo,e,._,4

engines like the British Merlin, out to power figurer aircraft it was superior to the best air-coo!ed

engines ._roduced by Wright Aeronautical and Pratt & w_,'._.,o,, :9

Among the executives of the two established engine companies, only George Mead had

taken a strong ;-'.,- ' in '.._,.,es, the Gevelopment of a liquid-cooled engine..._T" i937 he returned :rom" a

. _-_,.__._ _ w_,._ a Brmsn iiquid-cooied engine with an H-ffp,. sleeve vaive. He

urged P.,,, & Wh..:ney to make me investment m the new engine type. z° The co,orate :xeaaer-

ship ,_,,¢÷_',,:,.,"company, however, was cool to the idea, ai_ough design studies were initiated. In June

!939 the company decided to " ". .-+_ "_ " ' " ' .,.o,.ce .... a,.. its efmr,:s on the aeve-opment o," superior air-cooled

e,"_,i-eS_o.. . This seems to have precipitated Mead's resignation, making him available to serve the
NACA on the eve of '_ " ' " "...... ,A._.enca s ent_ into World War ,,. One of F.is :_rst accompi_snmen,s was to

reform and "" ._,,a . • .._ aii t_ree engine companies,s,e,o,_,e_, t_e Power Plants Committee. He insisted "_,^* " "

4.* I'a_,_o.._ Aeronautical, :_'_*+_,.& Whitne}; and Ai'rson, as well as ,n,, .oetroieum ;,',4-.¢4-w have

representation e"

z..e job of me Power Plants Corn ,''_._÷o,'_,_,,,.,.was to ngure out how to encourage innovations ,-

engine design. The :zrst step .owara _is go£ was to implement as quickly as possible cmaaergn s

recommendation for .*he new federally funded engine research '_' .... '- _oo, a_o._. Mean formed a Special
Comma.ee on New Engine Research "_ _:;': ' ".ac._._es ..aa.,me. out ._ oes_gn of ..e proposed

",laboratory. Gayiord W. Newton represented the Civil Aeronautics AdmLuistration, Commander

Rico Botta, the Naw, and Major g. R. Page, the Army Air Corps. Carlton Kemper, head of the

Engine Research Division at the Langley Laboratory, and George Lewis were the NACA members.

Cdthough m,_mbe_s..,._ was aa,.'ancec among the engine companies &,. _iEtm-T,and the NACA, the
engine companies, wielded considerable power. In -a:.: .a_,,,o.: to Mean, Ronald Hazen, President of

,he Amson Company, and Arthur Nu_, Vice Pres-aent of Engineering for " a_,'Wr.om Aeronautical,

were key members.

Sam D. Heron, an executive of "" "m,. Ethyl Corporation m Detroit, Mich., served as a valuable
link" _ " ", " ,'oe_wee, the NACA ann the _,e,ole_m industry. After work on .:he design of air-cooied

7
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cylindersat the Royal AircraftFactoq"in England, Heron had pioneered the developmen_ of

sodium-cooled engine valves for the .Army Air Corps at _A_ight Field in Dayton, Ohio. Mead called

on Heron to persuade the engine laboratory p!anners' to include a fuels ann" _ub_c_,=,s_-_:. _"+ facility.

Heron emphasized that, despite the large amount of research being carried on by the petroleum

indust_, "it was in,possible to do too much work toward improving fuels." Heron presented a
detailed "_- -" ' "'.,,,o_,osm for an elaborate facmty that was adopted _'" '_ w:.:nout opposition, zz This ,,,,-,;_

ment to ruets" research would some day, bear fruit in the future _abora_o_'" 's role ,.,".._the" aevelop-"'
ment o.: iicuid "-vd_,_,, ' • •-::--_o'-,-as a mgn-energy rocketfuel.

it was decided inramediately that research on both liquid- and air-coo!ed engines would be

conducted at the new NACA Aircraft _--<,;-',_ Research Laborato_. Testing _'wou,a be carried out

on models and full-scale engines, as well as on the various components, such as superchargers,

c_,,,u_eto, s,..... ;,ns_.*_',_,me,_s,,,+and both fuel injection and _u,,___: ,o_,_-,,_,;_":*_""systems. To imolement, the

basic ,_ian of the engine !aborato_', the NACA formed a design group at Langley *'_'_,,_consisted

of a nucleus of !5 seasoned men and 1I enthusiastic recent en_ine_'r;_',o .... o graduates. The group

worked feverishly at Langley under Smith DeFrance, who was responsible for the early designs

for oo.:n the new aircraft structures _aoora_o_ at Sunnyvale, Cm_,r., and the new engine _aoora_o_-.
When DeFrance was ,,* . _-- ,._se,_ to Sunnyvale, _,'-" * :' "'W,_._,,ey took over. V_nue De_ _an,._ took w_,_

him the problem of the aerodynamic design of the engine laboratoq,-'s wind tunnels, Whitney

faced the formidable task of coordinating all the elements in the complex design, as weli as super-
vising the early -" *_,- _: ,,co_,s_. _,c_,o.. of the new laboratory, zs

An item that raised considerable debate among the !aborato_ _ planners was the decision to
include a wind tunnel. Only *' _ ...... m_ee fac:i:.t:es e:dsted in the United States for altitude '_es*_,,_,_of air-

craft engines: the Bureau of Standards, the Naval Aircraft Factory, in Philadelphia, Penn., and the

Armv's Power Plants " " . " _. Laoora_o_ at Wright Field. None of the mree could test engines at su_q -
:,_.ciently ..:gn altitudes. George Mead argued strongly in favor of a wind tunnel. He was critical of

9 d.

the limited facilities for engine testing at Langley.-

The inclusion of a wind tunnel in the plan became a bone of • -'_" "con_e,_;_,on _,ecause wind tun-

ne_ tests could o,. construed as develo._ment. The NACA did not aFprove of ""-_-'_,'._-,_ research

and ",.a ".. _,, " _b,,e,; ',.,_ _; '4 _O _'_;_e_.ve,opme_._ work in ti_e same orgamzation," but how this .'°...... p_,. app_,e .... _._,e
research was not clear. _s The "''_' " :an, . , _ :.:_,_,,estabnsn,.a eng'.ne companies, Pratt & _,_;-_mey aria .A_,o,._

Aeronautical, argued that an altitude wind tunnel would allow the NACA to comoete with in-

dust_ " "-' " ,_ , • •_." e_,_,_e development, but the Allison Division of General Motors suppo_ea the wind

_nne.: because _t needed help in developing its iiquid-cooied eng:ne. The two established com-

panies feared that more vigorous competition from a wider field of engine companies would affect

their ability to continue to rea._ large _ _:* of _' ..... . ,.o,._._e_c_a_ engines. -:_e issue me _,..at,o_s,._...

of the new Iaborato:'7 to indust_ remained one of _he thorny problems ieft to be tackled once

peace was restored, z..e nation, however, coupe no ionger _;^-_. to_,uxu leave engine v , _" ,,,ae e.op;,ae., ex-
clusively in the hands of indust_.

At the January i940 meeting of his planning committee, Mead called %r the opinion of

Frank V_: CaldweLi, a man he respected for his expertise in developing the variable eitch propeller

for Hamilton-Standard Propeiiors Company. Caldwell argued strong!y in favor of an altitude wind

tunnel to study the influence of engine vibration on the propelier _dter his presentation, Mead's

committee reached the long-sought consensus that an altitude wind tunnel, capable of testing

engines up to 3000 horsepower, be included in the plan. Caldweil also suggested that the engine

laboratory, include a propeller research iaborato_-, a proposal that was a!so adopted. George Mead
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submittedthe "" 'reporto_ ' '_rna _ _hiscommiRee to Vannevar Bush on ]anua_- 2o, 1940.Its_a:ea*' 'that

u._ent". ' "and are v_a_ both the na.nona_aerenseand tot_e"theproposed facilitiesare -o _ -Yneeae_ _ ;to ......

futuresuccessof our commercial aviation,''_6

The role of the new ,'" ",._ " " ,gove._.me._ engine research ia_,oratory was carefully described by Van-
nevar Bush when he • +'-_""_ " ,_'_ .... ;_+; -, "._esa,_e,. before the Suocom_=_..e of the Committee on App_%,r_,.o:.s m the

U.S. House of Representatives. Bush asked for an _-'-" : ": ,m_ the_eeropr_a_,on of $8,400,000. He stressed +_ _

engineresearchfacilitiesatLangleywere e_reme!y limited,thatprivateindustrydid not conduct

the necessa_- research, and that government would not compete ";_.w,_.: industry. Both General
Arnold, Chief of the Army _i ..... , _. _:. .. r Corps, and Admiral Towers, Cme: of .:he Bureau of Ae.on_u_cs of

the Navy D,._anment, strongly supported the proposea zeg_smvon.- Called on to .... ' "',_es,..me one

..... of " " _" ' ' it '" _+o_,r,_a_,e the proposed laboratory m detail, George Lewis es_:ma:ea that wouia have a ..... of

220 and an annual operating cost of $650,000. The single most ex_ensive item, the _:';_ ''__.,_u_ewind

+"" _: vers, e. aes:.aoi,.. Such a fac-izty am not _ _ .* "- ,;- _ ;_ "_..m,.,, Lewis called " " ...... ..x.s. a_.yw _;e_e the world. He

estimated that, at a simulated altitude of 30,000 feet, the s_eed, of the wm,.","'_tunnel wou-a' ' be 490

miles per hour. In the proposed tunnel the engine, supercharger, and propeller could be studied

at full scale ao.:. separately and as aum:, so that months o," fhgnt testing could be eliminated.

A congressman's question gave Lewis the F. """o_,_oriu.,,ff to emphasize the importance of
_. ' "'_. _ ,. _,a_ _ was intended to ;;'..1-',',"_ _ is 'oo_,e ...... em research and +he void *_, _ _ ..... x,e_e no govermmental research

of engines being done in the United States now? It is all done by the private establishments, is it?"

Lewis's response was :erse: Th,.re is ve_- _,e sc_e,_,._c research oemg done on engines

:.n mrs ,.o_m_."'" * ." Private establishments are concernea cmeny w-,.<',,_,ae_e_opme.,_"" : .... proo.:ems relating

to their own engines. The aircraft ,..o,;,e'_',_;"research work *_:.a_*is being done at Langiev. Field

represents the mNor portion of aii fundamental -_ ,• ,,.sea.c;. on aircraft engines in this count_."
Lewis +:, _,con,mue,_ to be pressed by the congressman: "And that is ve_" limited?"

Lewis re_Iied_ that, although the Army. and Navy had research facilities for engine _es_mg,_

this was only development wor._.' The Army's Power Plants Laborato_ at _M:g_.__" '_ Fie.:a'' m" Dayton,

Ohio, and the Navy's Aircraft Factory in Philadelphia, Penn., were used to evaluate engines pro-

duced by a oaXicular company to determine whether they met military specifications. This was
not _" 'q'^ _ : _ _,-h--+__.:.in_aamen_al _ _ _e new iaOora_oryy_esea:,... _,e ourDose of _" • • . _s

Ai*h,,ue_._,, o_. Lewis was not asked to aen..e ,unaame._ai research, it wouia :nave been an ap-

propriate, question. Did ,',.o._g.essm._.-,_" '-,ma,..s_,a"_"_-, ' +",n,_'_ difference between ;,',_ '_.,, ",_:

, _. ,_ .,,7 "" _,.a_ :naus:ry would not, or couId not, do? Itand de_ e:op..,e:_. What coma the government do *_ * " ' '

was clear _.,_, the engine " .-" ' ',.ompa_:.es were not happy _n_ such vast sums womo go to a new

government -aeora_ory. in eany june, :n anna a_e ...... to p_e_e_ "'me aut:',.ofization o.-'_govern-
.... _³ _ 1_i.-, _ * .ment engine research, taev proposed tna t, ms_eaa of spending $8,400,000 for the new ,_,o:ao_,

the government _,_,_ each company S3 million to do its own research. The NACA responded by

memo that the essence of a government research laboratory was to tackle ._robIems common to
the entire ....... ' to "' ' "ma,s_._ ana see that _ne information was equally accessible to all comoames in a

given field. This "s what the NACA called _u;ma,.e.,_a,-" .... _ _ _ '. . ",.s,.arcn. Competition _revented t_e ex-

tha* _ --,-change of imo.maio_,, so _ _each comoany naa to work ;" " ' "_" " "*o. _.aepenae._ _ solve _,_om,.ms com-

mon to them a_," an unnecessa_ duplication of research effort. Moreover, if the engine com-

panies were given money directly, they would focus their research on in'_mediate problems "of

_erhaps low fundamental significance but o_ high specific m_e,,.s_:* _ * to that individual com,any.F "

'thus, research would be too closely tied to "_ " ,_ -,_._ a,.ve:op_._e_._. Moreover, the NACA memo pointed out,

research on components would be _ ,'_ .....neg_e,._ea, _,ecause tie engine com_anies_ .,o._o_._""_,',_ these ..Darts

9
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from other manufacturers, in the NACA's view, the entire aircraft engine deserved equal and im-
pa_iai scrutiny, e°

With the forced evacuation of the Allied Forces at Dunkirk and the fall of France in early

june 1940, coui¢ vare_ Britainresistinvasion?Alarmed by the implicationsfor the national

securityo_the _ited Statesand a!reaoycommitted to supplyinga,cra:.:"_ "'to Great Britain,Con-

gressapproved the funding fora new NACA __;-_','_*,,__, engine researchlaborato_ injune 1940 as

pa.._of the FirstNationalDefense AppropriationsAct.s°A siteforthe new iaborato_ remained
to be chosen.

CLEVELAND YVINS THE BID

At thispointthe effortsof the Cleveland Chamber of Commerce moved intohigh gear.

Cleveland's location, industrial base, and particularly the connections and active involvement of

Frederick C. Crawford, President of Thompson Products, won the new iaborato:T for Cleveland.

Crawford worked with energy, determination, and tact to make sure that the NACA chose

CIevelana.' ' His motivation was simple ....q_'e new taaorato,- T.... would ae good for ms company.

Thompson Products made automotive and aircraft engine parts and was just beginning its war-

time expansion. [Thompson Products became Thompson-Ramo-Wboldridge Corporation {TRW] in
 9s8.]

Crawford% ' " _"oehmd-_ne-scenes action began in i939, as soon as he ' -" that theaea.a NACA was

considering a second laboratory to supplement or possibIy replace the one at : ,,_,.a**o:ey. He asked

Clifford Gildersleeve, the industrial Commissioner on the staff of the Chamber of Commerce, to

prepare an invitation to the NACA in August.

Selling Cleveland was not new to Gildersieeve. "H,_s"joo"" was to _,tac_^+* _ new maustnes"' " to t_e"

ci_, and he was well aware of the oppo_unities for industrial ex-Dansion created by the war in

Europe. With the infusion of federal funds for new plants and the modernization of o!d ones

already under way, a large government research facility wouid make the city all the more attrac-
tive to indust_, s:

The invitation that Gildersleeve prepared for the NACA described Cleveland in alluring
terms typical of Chamber of Commerce brochures. Located in the -_+;_,--'_ ",_ ". +_; _" I¢*...... _, _ _,mus,.mi heart, ,h,.

city stood as the industrial nexus between the Pemnsylvania coal fields and the iron of the Mesabi

Range m Minnesota. The great coal-fired open heath furnaces of the mills in the Flats along the

Cuyahoga _ver processed the iron ore into steel. Gildersieeve's Lnvitation pointed out that half

of the population of the United States and more than half of the country's manufacturing were

located within 500 miles of the city. Cleveland was also a hub of transportation. The aimort hun-

died a daily average of i00 planes, making it among the busiest almo_s in the count,-',,-. Inaddition

to highway connections, six major railroads served Cleveland, and the Great Lakes _,ere used by

industries like Republic Steel to transport iron ore cheaply. Electric power in Cleveland, supplied

by the Cleveland Electric IiiuminatLng Company, was "plentiful and dependable." tn addition,

Cleveland owned and maintained its own water system, s2 What the invitation did not state was

that the ci_, *"" " 's_r: recovering :tom the Depression, desperately needed jobs for :ts workers. The

city's reputation for tightly organized unions made new industries reluctant to locate in

Cleveland. To cope with 87,000 poor relief cases, the city received federal assistance, but it still

faced a large poor relief deficit of over Sl million, ss

Clevelanders, however, loved aviation. The city's sponsorship of the enormously successful

National Air traces had first brought Crawford into contact with the NACA through his association

I0
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with joim Victory. Victor- had visited Cleveland zrequent-v"' as one o#.t_e" officials of the N_..o_.al:"_*; "

Air Race Association Committee. Craw_ora s company awarded the coveted Thompson Trophy

each year, and his enthusiasm for aviation was well known. Although ti'_e manufacture of parts

for automobile engines was the major business of Thompson Products, the company also soid

soa:um-coo!ea valves to the two giants m the aircraft engine field, W_.g._, .aeronautical and Pray,.

& Whitney; a business that fl.:oufished during Wor!d War I with tlae production of valves for the

Libe W engine.

Other Cieveiand companies were in the parts business, in 1940 Cleveland boasted no less

than 80 to 90 companies "catering directly to .^+- .,,,3._av_ao_,. Eaton Industries also produced sodium-
cooled vaIves, and Cleveland Pneumatic had " _, ' ' 'p-o,.eerea the deve_opmem of pneumatic landing
gears. With a new ._iant for -; _" -:,_ ",,-, ,;. W.,g.._ AeronauticM's engines under construction outside C_..c_.._.a.,

Crawford saw that Cleveland aircraft parts industries coul.d anticipate substantiaI expansion as a

result of the war in Europe. What could be more appropriate for the ci_ than a major research

iaborato_f for aircraft engines?

The city's identification with both the romance and commercial potential of aviation,, had

begun duri_,.g World War I, when a group of Cleveland investors persuaded a gifted, if somewhat

eccentric, aircraft designer, Glen L. Martin, to locate his aircraft company in Cleveland. During

its years in Cleveland, MaXin's company produced the impo_ant Matin GMB-I bomber and at-

tracted some of the most talented airplane designers m the count_: Dutch Kinde!berger,

Lawrence Be!l, and Donald Douglas. When Martin moved Ns company to Baltimore in I929, he

_'" . to!eft as ..is iegacv the city Ns role m spearheading the development of Cleveland's municipal

ai_ortY

_ne largesizeand carefulaes,on of Cxeve,anas airportmade ita naturalsitefor the

NationalAir Races.The Air Races brought Crawford and the NACA together,Held in Cleveland

8 of I! yearsbetween 1929 and World War If,theracesprovided theopportunitytopush beyond

the e:d.stingspeeds of aircraft.Prominent ClevelandindustrialistslikeCrawford and Lewis V_L

Oreve, President of Cleveland Pneumatic, supposed them enthusiastical.ly. Many of the eng4me

.mp_ovemems ,,.s, ee,.,o.,st.atec on -acid. o a,,cra_ were later adopted by the aircraft engine com-

panies, a6 What could be more naturaI than a new federal !aborato_- to continue to encourage

engine innovation?

Cleveland lost out to Sunnyvale, Calif., as the location for the Ames Aeronautical Research

Laboratory because Sunn_waIe was close to the California aircraft indust_, which exercised its

political clout on Capitol Hill. Neve_heiess, w?'.en Congress authorized funds for an aircraft

engme Iaborato_, Cleveland was ready to push for its seiection. Gildersleeve and Walter i. Beam,
,t

.:r.e Executive Secreta_ of the Cnamoer of Commerce, had alreadv, convinced Clevezana s :oca_

officials of the desirability of the city as a site for a government research laboratory.. As an incen-

tive, the ci V had agreea to make nearly 200 acres of land next to .:,.e Cleveland Ai_o_ available

for $ l an acre, as we11 as raise $550,000 locally for power facilities, s_

The NACA was determined that the competition for the site for the new engL_e !aborato_

be properly and impaxiaily administered. After the engine iaborato_ was funded, the NACA

seiected a blue ribbon committee, chaired by Vannevar Bush, to recommend a site. ss The com-

mi_ee sent letters to a!I interested congressmen, Chambers of Commerce, and other interested in-

dividuals stating the requirements to enter the competition. Because the new iaborato V would re-

quire facilities for flight testing, the city had to be abIe to make available title to 100 acres either

on or adjoining an airport owned by a municipal:.. V or already owned by the federal government.
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George Lewis explains the p!arz .for th`e new engine research, laboratory to top NACA sta_(

;;*'_ large wind tunnei planned, the site aiso needed aaequa,:e power as well as amo!e water

for cooling.The cityshould be an industri_center,accessibleto the engine companies located

eitheron the EastCoastor in the Midwest. The sitealsohad tobe near "centersofscientificand

technicalactivity."Another factorto be consideredwas "strategicvulnerabiii_.'"Sincetherewas

a perceiveddanger thatthe United Statesmight be attackedon eithercoast,where the NACA's

other two laboratorieswere located,there was a generalfeeling""_m_, the Midwest offeredthe

safestlocation.The NACA used an elaboratepoint system,originallydevisedforthe Sunnyvale

siteselection,tojudge the contendersforthe new engine iaborato_,s9

in july the Cleveland Chamber of Commerce issued a formal bid to the NACA for the new-

iaboratov, responding directly to the list of criteria. The Chamber of Commerce enlisted the sup-

po_ of the local SocieV of Automotive Engineers to kmpress the NACA with the ciV's engineering

co,.mu .... y. m aaa:.non, the presidents of the Case School of Applied Science ant Western

Rese_we University wrote ietters that described in glowing terms the excel!ence of the educational
resources of the -:*

C;. Ly.

Cleveland faced stiff competition. Of the 72 sites in 62 cities that submitted bids, I4 cities,

offering a total of 20 sites, _, +_,m .... _e stipulated _;_,'"c_,_,_,m. A Special Committee on Site inspection

visited the top-ranking cities. The major contenders, as presented at the September meeting of _,e

Bush Committee on Site Selection, were Cieve!and, Ohio; Dayton, Ohio; Detroit, Mich.;

12 =! AND ' ....._,-,...,:. ,,4_.:*-..... PHOTOGRA_t.--,
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Cincinnati, Ohio; and Aurora, ii1. However, by October, Gienview, near Chicago, took the number

one nosition in the ratings, with Cleveland running second. "" .... ' " " ". _3mcm_s "n Cmcago had convinced the

NACA that the Chicago area, with its many university and industrial research laboratories, could

provide a superior research environment. "' ' ' of ' 'ne drawoac-<s the Clevemna site were the unusually

high rates for electric power charged by the Cieve!and Electric 1iluminating Company and the

spectator • .< ." *, ,_ " " ," 's_a_:as %r the Na,o.mI Air Races on t_e proposed site. _buld tan concnuea operation

of the races interfere with the plans for the new engine ' ' ? "iaoorato.-2,-. Because the Material Division

of the Army a;_ Corps was already : *_' w.4 _ " . • ,. ._., :oca_,.a at .... g_._ F-e!d near Dayton, where the Army nan its

own power plants laboratory for testing engines, the Army ,,_,o,_,..o,.,,tan" NACA to consider t_e"

Dayton site. Not sumrisinglg, OrvPAe w,._:,_,_.: • ' " " ' " - • a_. ...._.., a _romment memoer of the NACA, nut ms we-g,_
behind his home town. ''°

Nevertheless, John Victory and Rudolf Oagg, a Wright Aeronautical consultant retained by

the NACA, favored Cleveland over the other cities under consideration and were willing, while
..... ;'_ _ of _ :'_ to ' _ .....keeping a pue_,,'c stance of impa_m_:@ to go out _he_, way heip C-evexan_ wm tt,,e bid. Ta'..s

was no doubt due to the "_ersonal relationships of tong _ ": _' .....s_an_m_ between rrec_er,.cK Crawford

and the NACA. "-I Not only had Crawford "gone to Washington for a number of conferences, had

conferred with people in New York, and had given u._ much time to Cleveland's effort to obtain

the laboratory," but he had also taken a persona I hand in the negotiations between the NACA and
the Cleveland Electric "': " "" " ".umm-na_mg Company. in order for the T:', : _*'"<, . to v._.um_n_d_,e Com._any avoid me

• j. t

. 1,.v,.mmem involved -n b,_.Ia,. 6 new oe.:e.a,..g_,,_ _ ";-_ p,a._s:".* to supply the _roposed. engine

laboratory, Craw%rd came up with the idea that the company could offer reduced rates if the

NACA were willing to run its large testing facilities at _,,..,.*.,2 _,_,;n._ .... : ,..s was a shrewd move on the

part of Crawford, akhough at first the conservative Illuminating Company resisted tl".e proposed

_, ra.o,.ment.

To discuss the problem of the power rates and the ci_'s intentions as far as the National

Air Races were concerned, Victo.w, Gagg, and Russell Robinson visited Cieve!and on October iz_.

Their trip had an extremely favorable outcome. As Victory recalled, "one fly in the ointment" was

_.;e s_e,,,c,s_,. Even Crawfom, .:he President o.-"the Y_"_,"_';_, Comoa".y. Even "-_ z ,

doubted that the wind tunnel could be run on an ofhpeak basis. Victory remembered:

The electrical rates he offered were considered prohibitive, into this breach stepped

Fred Crawford, lust in time to prevent ti':e collapse of negotiations. ! shall never forget

the final scene in Even Crawford's office when he yielded and then promised that, if

Cieve!and were selected, his company would "ooze cooperation from eve.'2,."pore. ''4_

"_._e ..,n;"-'_;'-o*;,,_,_,,.._.,_,...oCompany agreed to a s._,,s_"a._.,+,.... _^' reduction :.-,. the monthly" electric _ ",_

From a minimum annum charge of $ I20,000 in the original proposal fi+_epower company agreed

m .... m_.m charge of $50,0,00. Th-s ch.ncnec the choice for C,eve.a_.,.. a,.,.;,o_,_:+," to *&,._con-

cessions o_.the e.e,...c',"_-_ c_,"'-'_,,.v,.;._,.._,Major john B_..y,_-_s_,pe_,_,..m-"";"*_', "'_-+.... of the" arport," reported teat"

the park commissioners had agreed to offer pax of the park adjoining the airpo:'t to the NACA.
q" " " ' "_: ' .*he "" 4: ,. ms woulc create a ou:_er arouna .. new iaborato_ of a mue on every side. Craw.era indicated

the likelihood that the o_eration, of C_eve-ana'' "s National Air Races woulci" be suspended ann' "_'_._e

wuhngness of the N,_,,o-,a_ Air Race Association Committee to have the stands removea.-"

The selection of Cleveland as the site was formally announced to the press on November

25, 19_0 by Vannevar Bush. After political maneuvers to avoid objections over whether the

munlcbal govermr, ent ,- ",',_ ' .. ' ",.ou.,. turn over the _a.,a at less than me fair _r'ce, the Mayor of "' " City

of Cleveland, Harold H. Burton, sold 200 acres of land for $500 to the federal government. The

13
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...,f:

Pbotc<jrap_ cou_esy of _e C;eve!a_d P,-'b_ic bbra,'y

A sqt_adror, of U.S. Z'_ari_e .pia_es rites over tI_e sffe of the ,_,_re A:,rcraft EnEi_e Research Laboratory d_ri_@

the ;\rational Air Races, 1935. The Broo_par_ Rood Brid#e is at the n_M.

NACA was granted the right to use the airoort free of charge, and it was agreed that neither the

_;_ _* theNACA would erect buildings *_ *=..pc.. nor ,,.a_ would interfere with the operations of the _ -

Ifthe laborato_w'sactivitiesceased,the iand would revertto the Cityof Cleveland.

Soon thestandsforthe spectatorswould be pulleddown tomake way forthe new buildings

of the NACA AircraftEngine Research Laborato_-.Roscoe Turner carriedoff the Thompson

Troohy for the last time in i939. The air races had ke,_t interest in aviation alive +;,:,,..c,S the

Depression. They had contributed to increasing the speeds of aircraft through the tinkering of

talented mechanics. With the most advanced engine research facilities the count_ could muster

about to be built at the edge of the airpo_, engine innovation would become more rational and

sys,e_,.a,.c.Peoplewith professionaltrainingm engineeringand sciencew'oulatakeoverfrom the

_ "_ _ of me role the l=oo, a_o._ wouldracingbuffsthejob of....c.,,as.ngthespeed aircraft.Neve_heiess,_' " _' " * _7

play in engine innovation was not entirely clear. Over the objections of the engine companies,

which feared that government research might " " _ ....mter_e.e with :_eaimy competition, Congress had

funded the NACA's new engine iaborato_'. Vannevar Bush and George Lewis had used their con-

siderabie prestige to assure do... Congress that _undamental research would foster .n..o_;'_ 'a_:o._.*:" "_':hey

argued that the NACA would tackle engine problems common to the entire industry. The develop-

ment of new engine prototypes would remain the province of the engine companies. Yet the con-

struction" of a wmc"" t -_'_.ne_:belied these assurances. Testing _ui.-sca_e_' "_ ' engmes" ...;,_a wind tunnei"
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strained the definition of fundamental research. However, with the impending war, there was no

time to debate the fine points of the respective boundaries of fundamental research and

development.

As he stood in the frigid wind on that January for the ground-breaking ceremony, Crawford

. . M,,,_a_ airplanesmay nave re_ ec_ea that the heyday o_ the National Air Races was about to end. _'_"

had reached speeds beyond those of any plane ever entered m the air races., nese new machines

o_ war had "out-raced ' _. n,e races.' '_

15



g N G I N g S AND _ N N OVAT _ O N

NOTES

: "Lewis's talk at c, u', "-' - _:-'.-_ " " o /;,. ,,__.o ..a a.ea.-,,.,_, ceremon'es," 23 janua W /.941, NASa, Lewis Records, 2_8, **0-_,:..

2 A British teci_nical mission, headed by Sir Hen,w Tizard, visited the United States in Se._tember t940. For

a general discussion of the mission, see Da_;el j. Kevies, The Phydcfsts {New York: Vantage Books, 1929),
p. 302-303. Specific reference to the disclosure of British advances in jet propulsion made by Tizard are
found in Bush to Arnold, 2 July 194i, 47/208, and Papers of H. H. Arnold manuscript Division, Libra U
of Congress. ^., '" to "" • ,. r, .,_ • ,,.._r._o'd ,;zam,., _:,_. _9.._, 47/208.

s Jerome Hunsaker, "Forty Years of Aeronauticai Research/' Smithsonia_ Report for 1955, ._.246. For the ad-

ministrative history of the NACA, see .aP."exRoland, ModeI Research: The Nationai Adviso U Committee for
Aeronautics, NASA SP-4103 iWashing, on, D.C.: U.S. Government Printing Office, 1985}, vo!. i.

"*Danie I S. Greenberg, The Poiitics of Pare Science iNew York: The New American Library, 1967), p. 108.

s James R. Hansen, "George W. Lewis and the Management of Aeronautical Research," in Aviaf, ons's Goader,

Age: ?ortraits from the 1920s and l.gSOs, WiL'.iam M. Lea U, ed. ilowa City: University of Iowa Press,
!989), p. 93-ii2. See a!so Jerome C. Hunsaker, "George William Lewis (1882-19¢8)/' in Year Book of
the Americav. Ph_iosophica_,Socie._/ iPhiladelphia: American Phiiosopkicai Society, 1948.)

6 For the bPstory of Langley Laboratory and the NACA's pre:Worid War !I technica! contributions, see James
Hansen, Engineer in Charge: A i':'istory of the Lang'_e2Aerona,_t;.eaI.LaboratoG, !9i7-1958, NASA**SP-4305

iWashington, D.C.: U.S. Government Printing Office, 19871. For the NACA metl.qodolo_- of testing airfoil
shapes, see Walter Vincenti, ""_ '" ': , ' • ,,_ .,-,:r-Prope:m. Tests of _: E Durand and E. E aes_ey: A Case Study
in :ecnno_og_ca; Method.oiogy," Techno',.o_ and Cu,,ure 20:712-75i.

7 Hansen, £r,gineer "n Charge, p. 160.

s Roland, ,Mode_Research, voi. i, p. i.47.

9 Lewis's report on his 1936 trip, George Lewis biographical g;"e, NASA "'; • -..... ms,o,y Office, Washington, D.C.
:o The Special Committee on the Relation of the NACA to National Defense in Time of War, chaired by

General Oscar Westover, Chief of the Army Air Co_s, made its - ,',,---., :_*: ;_, ' ".eco ..... e_c_,_;ons., August 1939. The
Special Committee on Future Research Facilities, chaired by Rear Adm. Arthur B. Cook, recommended
the Sunnp-ale, CaliL site in December. For the fu1" stou, see Roia,nd, Mo&i Research, voi. I, 15/, ff.

:" John j. Ide Report appended to M,.,._es of 7 janua 7 ".' _ : . _; _,.9a7 Mee,n_ of te:e Executive Committee and "Notes
on European Aeronaut'cal Developments in 1938," i0 janua U 1939, Minutes of the Executive
Committee, National ArcbAves, Record Group 255, Box 7.

:2 Lindbergh to Lewis, 26 August !937, Lindberg:.". biographical file, NASA Histo_ * Office, Washington, D.C.

:s Lindbergh to Lewis, 23 September "937, Lindbergh biographical file, NASA HistoD- Office, Washkngon,
D.C. The N_:aW asszg,eG" _ Robert Truax to eva,uate...... Robert Oocdara s worn<.Truax re_orted tlnat Goddard
was "visiona_ and ":*_, "* definite " "w._..o,_ any _urvose or proposal to ' "*, suom;_ to the Bureau." Memo from
C. C. Helms to Lewis, !9 June :94!, Records*of NACA Committees and Subcommittees, National Ar-
cb._ives,Record Group 255, 117.15.

'_ HenQ" E. Arnoid, GZoba',.,"dission(New York: Harper & Row, 194.9},p. 169. Char!es Lindbergh, :'_e Wa_irne
]ournaIs o[ Charles A. Lindbergh iNew York: Harcourt Brace Janovich, !970), p. 25_.

:.5 Minutes of the Executive Committee, 19 October 1939, National Archives, Record Group 255, Box 7.
:6 Science, !2 Januaw 1940.

"7 Danie! Kevles, The Physicists iNew York: Vintage Books, 1979}, p. 296. Busk's idea of techno!og T as appiied
science has been mentioned W severai authors. See, for example, Edwin Z Lav_on, "TecbmoloD" as
Knowledge," 7echno_,og; and Cu)ure !5:34; see also a_icles on :the science-tech£ology reiationship in.
Techr,oZo&'and ©aZure, voL 17.

"s See RobeX Schlaifer, The Deveio_ment o,(Aircrafg Engines {Boston: Ha_'ard Umversity Press, 1950), p. 192.

"9 Sch!aifer, The De,;e',op,,nerztof Aircra_ Engines, p. 50.

_o ScNai%r, The Deve_,opment of Aircraft Enenes, p. 285.

2z ade x Roland {Mode_,Research.,,._..163 ...,_.-"! views the chairmanship) of Mead as indicative of .*_,.e,,_easmo;_-: _, in-
dust W influence over the NACA. He is correct that during :_'or'd War iI the NACA was "deeendent on
industu expeXise to launch its eng;me-research program," but dependency did _'mt continue in the
postwar period.

16



AIRCRAFT ENGINES FOR WAR

q

22 Schalifer, The ' " of Aircraft Engines, p. 125. Minutes of *' _ "-';'_Deve_opmen, me S_eciai Com,,,,_ee on New Eng-ne
Research Facilities, 2I November 1939, National Archives, Record Group 255, Box I, fi!e 19-2. Repo_
of the Special CommAttee on New Engine Research Facilities can be found in National Archives Record
Group 255, Lewis Research Authorizations I23.22.

t_ a.a. r :

23 Rudolf F. Gagg, S_a_eof the Wor_ on the Aircraft Engine Research Laborato_" of the National Adviso_-
Co:r_.ittee for Aeronautics," Ii February 1941, NASA Lewis Records, 341110. See also Elizabeth
Muenger, Searching the Horizon, NASA SP-4304 iWashin_on, D.C.: U.S. Government Printing Office,
19851, p. 9.

2_ Mead to _ewls, 13 November 1939, _ _" ' P'" " Nadona; Archives, Record "-,a.oup 255, Power. ants Committee files.
• ,v+zs Minutes of the Executive Com,.m,ee, 19 October !939, National Archives, Record Group 255, Box 7.

z6 M_mutes of Special Coma'tree on New Engine Research Facn,_zes, Januar?- 1940, National Arch/yes, Record
Group 255, 'Lewis Research Authorizations 123.23.

27 Appendix to the Congressional Record, ii june 1940, vol. 86, pt. 16, p. 3778.
2s Ibid.

z9 Memorandum, 1! June I940, Nation_ Archives, Record Group 255, Lewis Research AuthoEzations 123.22.

ao Appendix to the Congressional Record, i i june 1940, vo!. 86, pt. I6, p. 3779a.

"_:Jobm HolmfeId, "The Site Selection for the NACA Engine Research Laborato_': A Meeting of Science and
Politics," Master's Essay, Case institute of Tecknolo_, !967, p. 27. Holmfeld's essay is _ excellent
example of prima_ research. However,. ,e overestimates Gildersleeve's role and ,a:._s_"to recogvize ._.e
behind-the-scenes work of Crawford described in the records of the Chamber of Commerce, Ms 347!,
contaaner 55, voz. I08, Minutes I940-194I, Greater Ctevemz.d Growta Association Records, Western
Reserve Historical. SocieW.

3z Cleveland Chamber of Commerce Iva.,a,o_,'_*_: " to the NACA, 29 August 1939, NASA Lewis Records,
298/1i6.1.

35 Chamber of Com.merce, Greater Clevel_d Growt,h Asso. Records, Ms 3¢71, vo!. i05, 11 October 1939,
Minutes 1939-40, _%stern Rese_'e Historical SocieW.

s.¢ C.evezana Chamber or Commerce Lnvitation to the NACA, 29 August 1939, 298/!16.1, NASA Lewis
Records.

as "Wings over Cleveland, A summa,_" of the development of aviation in Cleveland," pamphlet pubi".shed by
Cleveland Chamber of Commerce, 1948, i, NASA Lewis Records 298/1i6/! and Western Rese_e

Historical Society. On Glen L. Marffn Co., see also Lois E. Walker and Sne_w E. W.cka .... F_orn H,aj,,_,v,,an
,_'airie to the Moon: The History of Wright-Paterson Air Force Base {Washington, D.C.: U.S. Government
Prin_qng Office, I987 I, p. 186.

36 Bob Hull, A Season of Eagles iCIevezaz.¢: Bob H',dl Books, z98&, p. ao.

37 Hoimfeld, "Site Selection," p. 42.

3s Other members of the Site Selection Comanittee, chaired by Vannevar Bush, included Dr. Lvman j. Briggs,
Director of the National Bureau of Standards, Captain Sidney M. Kraus of the Navy. Bureau of
Aeronautics, and Major General George H. Brett, Acting Chief of the Air Corps. See john Hoimfeid,
"Site Selection," p. 21.

s9 Hokm, e;d, "Site Selection," p. 27.

_o FNd., p. 80.

_ Chamber of Commerce, Greater Cleveland Grow _& Association Records, M. a-,_*"',,container 55, vo_.' !08,
24 October 1941, Mmutes, I940-4i, Western Rese_e Historical. Society.

42 interview with Frederick C. Crawford, 2 October I985.

_s Speech by Victory to Chamber of Commerce, 23 janua.w 1951, NASA Lewis Records 298, 1 !6.1.

Hoimfeid, "Site Selection," p. 85.

4s "Statement by Frede_ck C. Crawford, President of tee Cleveland Chamber oz Commerce, 13 Decemoer

1940, National Archives, Records Group 255, Engh-_e Research Lab., Box 1, 23-i.

17





CHAPTER TWO

TROUSLE-SHOOTING:
TME WARTIME
MmsloN

As the country's aircraft engine needs intensified dung World War II, fundamental engine

researchtook a back seattotrouble-shootingtosolvethe problems ofenginesin production.The

wartime ..missionofthe nee,,enginelaboratorywas simple,ithad toassistthe en_ne companies

tomake theirenginesmore powerfuland reliable.General,Arnold wanted enginesthatwere com-

parableto the bestEuropean models. He ordered Pratt& Whitney and Wright Aeronauticalto

develop fuel injection systems within 12 months to make their engines comparable to the German

BMW-80I, at that poLnt the world's best a_.:"cra_'°-_engme." _

Arnold blamed the engine companies for the country's dismal aircraft engine situation, but

_he expected the NACA to correct it. On October I_,, 19z,2 he issued an official directive that the

NACA must "do eve,-_hingpracticableto improve the performance of exis._g engines."The

engine companies had failedtoprovidethe nationwith "small,light,high performance,higliy

supercharged engines" suitablefor fighterairplanes.Their exclusivefocuson large,heavy,air-

cooledradialenginesreflectedtheircliveforprofitsat the costof preparedness."Our engines

were nearlyallbah asall-pu_oseengines,with an eye on the world market,and not specifically

forfighteraircraft.''zThe United Statescould not emjoy the luxuryoffundamental research "+':U._,II

the problems of reciprocatingengines_h,,n"_'m production-the Wright 2600 and 3350,the Pratt&

WMtney 1830 and ¢360,and the AllisonV-1710 had been resolved.

Arnold's directive that the NACA concentrate on hmproving existng engines was made in

the context, of his kr-owledge of a radic_iy new propulsion tecFmology: the development of the

turbojet engine. Days before his letter to the NACA, Lawrence Bell's _iracomet (P-59A), powered

by a turbojet developed by General Electric, had flown successfu'.X'y for the first time over Muroc

Dry Lake in California. Seasoned Langley veterans in charge of overseeing the design and con-

struction of the nee,,Clevelandlaborato_-had no inklingof the impending revolutioninjetpro-

pulsion.They assumed that the improvement of the aircraft piston engine would continue to

follow the evolutionaw, pattern of the past. They worked with energy, and determination to buid

a laboratoryto assistin winning the war.

FROM BLUEPRINT TO LABORATORY

The mileso_36-inchblueprintpaper produced oy _a%_ey sdesigngroup began totakereal

form in the ""_ _ o" "" * * "w_e_ _ 194!.In Februa_ Charles,_ierrmamn,Chief mspector,was _ranste_edto

C_eveian_from Hampton, Va.He was accompanied by Helen G. :o,d,a secretaryfrom the NACA

_.
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V'/_smngton office. They _mmeQ:ateIy set about hiring inspectors to oversee local contractors.
Braving their f;-st Cleveland -'-, _ - ' • •.. _v_,_e_, ti-,.ey took up tempora,- T quarters '.n t_e Radio House, a small

ou'._mng owned by _h,. Cleveland airport. The A'r-ao_ Commissioner allowed the NACA to _ *. S_O. e

new equipment temporarily in the air races _,,_nos_an_s awaiting demolition. Ford attended to a

myriad of pressing administrative details and threw coal into the furnace, while Herrmann su_er-

vised the building of the hangar and engine propeller research building by the laboratory's iirst

contractor, the R. E Carbone Construction Company.

The intense grind of daily routine was broken by occasional visits from officials from the

Washington office and Langley staff who "spurred us on when we feit isolated and _rimitive and

:_ .... _.. eorQ and He.r,.,a .... processed ' +" "appiIcaaons from .:he Cleveland community, and by

july the staff had outgrown the two rooms of the Radio House. They moved {o the Farm House,

_.,,_e clapboard structure overlooking the Rocky River. "As the Langley Field people began to

arrive they were squeezed in wherever we could fLnd room," wrote the intrepid Ford to a friend
at Cig Hail. a

From the time of the _- • -,,_ _ -" • -_ ._,.,
o.ou,,,.-._reaking ceremony :n January 1941 tO the fo:.ow,,.g winter,

construction work proceeded a{ an agonizingIy slow pace. It was difficult to obtain an adeGuate

supply of labor because the fixed-price contract negotiated bythe NACA with its original cot[trac-

tors did not allow overtime pay,. Buildings could not be ,.o,.,ple,e_ on sc.,eouie w_tmn budget

because of the extremely high labor costs in Cleveland and the rising costs of materials and con-
& , ,ts,ructmn." To take firm --' 'coa,,:ro_ of " " "_"co.:st.u,.,_on, in August i940 Lewis called howard Raymond

Sharp back to .Langley from .&.rues to serve as Construction Administrator for the new engine
iaboratoQ:

After Pearl Harbor, the pace quickened. In mid-December Ray Sha_ moved with Ernest

. ant ...s e,,.s,gn group from Langley to Cleveland. They occupied temporary offices m the
,Farm House and the recently completed hangar. Cnar.es Stanley Moore took res_ons'bilitv for the

thousands of drawings for the Engine Research Building. In the hectic days w7hen one _iecision

after another had to be made, a Kipling verse posted in Moore's office seemed to express their
sense o." teamwork as they _,,_,_" . o_--o8.'-,-, to plan each building and to supervise contractors. No :n-

caweum or army, but ,h,. evenastmg team work of eve W o_ooming soul" wou:d allow them to
_,c,.om_,_sn the impossible, s

Ray Sharo charted the course of the laboratory's "-, *: ,- ":. cons_r_,c_,o.:, ne reviewed contracts,

established rapport with city officials, smoothed relations with .fne engine companies, and kept

W,?'ght Field and the NACA Washington office informed of orogress. Named Manager of the

_aoora_orv..:.n. i942 and Director m 1947, he remained at the helm of the Cleveland iaoora_ory"' * un-
tii his retirement in 1960.

Sharp had an amiable and gracious style of management that earned him the affection and

loyalty of those who worked under him, but he was not an engineen At Langiey and Ames the

iaborato U head was the "engineer-Ln-charge." The Cleveland iaborato_ g _,_ +; -, " ,4;_,_,_,,

Sha_ created an atmosphere that encouraged cooperation among the staff, but he _/sely !eft the

technical questions to the engineers. As one engineer explained, "Since he did not have any

background in engineering, he left us alone. His idea was to provide us with the equipment,
money, and the space and made it easier for us to work. ''_

Born on a farm in ELza.aeta City, Va., m 1894, Sharp had enlisted in the Na W in World
War i His connection :+_ " ' _, -.• w_._ the NACA oeoa,_ when he was employed by ti_e Army to assemble the

italian airship Roma, accepted as ._artial payment of °_h,._!tal'an war debt. In i922, upon
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completion of thiswork, which was carriedout at Langley,Sharp seizedthe oppo_unity tojoin

.... . " _" ' mree yearshe rosefrom hangarthe neagimg NACA iaborato_ as _anoiev s 54th employee, in _'

boss to construction ":;"; - * _a_m.._.st;a_o.,Afterearninga iaw degree from the Collegeof WilLiam and

Ma_ through a correspondence course, he became a member of _&e V;,g._,a":_ ;"; bar m" i924.

Sharp's first duty upon arrival in Cleveland was to use his legal skills to negotiate a contract

with a differentconstructioncompany, the Sam W. Emerson Company. This was the firstcost-

plus-fixed-feecontractforthe NACA, authorizedby an actof Congress on December i7, 194i.

This type of contract,used + " ; "ex_e;,s,ve,y by the Army and Navy, made it easier to get contractors

to agree to undertake risky new ventures for the federal government. The government agreed to

pay a fixed fee, or guaranteed profit, to the contractor and assumed all the costs of the project.

With the countryatwar, the federalgovernment moved unusuallyquickly.The costofthe

remaining ou:-.'mngswas es_,mate_on December 24; afterCnnsm_.as,Sha_ took on E._ersons

._a_*,%'er,an experience that Sharp aescnbec as f:gn_ all the way. ''z He had a 4F-page contract

_ pea,and by me eve.;.no ofDecember 31 &,. ",'_̂con,_c_ was signed.One week laterthe Emerson

Company began constructionon the Engine Research Building,planned to house a varietyof

!aborato.desto coverthegamut of authorizedresearchprojects:muiticylinderand single-cylinder

testfacm_ies,superchargerrigs,and laboratoriesforresearchon exhaustturo:.nes,neattransfer,

carburetion,fuelinjection,ignition,automaticcontrols,and mate_dais.The buildingcoveredmore

than fouracresof floorspace,_es.o.,.dso thatthe areaswere _qexib!eenough tobe converteato

other uses as researchneeds changed. The Emerson Company alsorapidlyconstructedthe Ad-

ministrationBuilding,the G_e;.o_se,ann the sea,iceand officebuildingsforthe wind tuD_.ei.

With a solidreputationinCleveland,Sam W. Emerson was activeinthe ClevelandChamber

of Commerce. The Emerson Company specializedin industrialconstruction,but had alsowon

bids for buildingsat the Case School of

Applied Science, where Emerson had

studied en_neer'ng and se_ed on the

Board o; Trustees. As the Cfe'_efa_d P,_a',,,

Dealer described Emerson, "Many of the

substantial '^ "_: .__,ul,,_m_she has erected :n

Cleveland seem to reflect his

personality-unadorned, capacious,

usable, plain and adequate. ''s These were

the very qualities reflected in the

buildings Emerson constructed for the

iaborato_. CarefuIly set at kntervals along

the roads of the former air races parking

area, tae'. low-slung tan brick exteriors

gave the laboratory a college campus

atmosphere.

While construction proceeded, in

May ':942, whe_,-, the staff numoerea' " o99,"

research was officially initiated in the

recently completed Engine Propeller

Research Building. The fruits of the

cooperation between the NACA and the
The in_epid Helen O. Ford bra'¢es her first CfeveZand
winter.

• _ :"':: £_ _..

_' _,,_,_ , _ _'-_'_, .
...... _ :k.2 ; %;_._ .,_,:
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cityof Clevelandcouldbe seen in the group of dignitarieswho a_'lendedthe form/ceremonies:

George Lewis and John Victo,,_-from the NACA; Walteri.Bean,.,ExecutiveVice Presidentof the

Chamber of Commerce; Mayor Frank j.Lausche;Major 7o_n BerN, Commissioner oftheAirport;

and William A. Stinchcomb,Directorof CivilianDefense forCuyahoga Count. Huddled in the

controlroom, they waited in suspense un._, with the push of a button,George Lewis setin

motion the huge propellerofa 1.'_cylinderR-2600 Wright Cyclone enginemounted in a testcell.

While it roared,a battery of instruments produced a graphic record of various research

_,a_arne_e,sneeded toevaluatelubricatingoils.Thiswas an appropriateengineon which toQ1rect

the laborato_'smost conceded effo_,becauseitwas plaguedwith undefinedproblems.Beneath

thehea_:_-ycongratulationsofferedon theoccasionmust have been the naggingquestion,couldthe

laborato,-_-find the flaws that eluded the manufacturer? Could they be fixedin time? The

!aboratory'sfirsttechnicalrepo,,!,on lubricantstestsof _e Wright R-2600 by members of the

Fuelsand LubricantsDivision,Arnold Biermann, WaiterOison,and John Tousignant,showed the

pro,_-r/seof the youthfu/staff.How government researchcould be transformed intoconcrete

engine improvements remained to be demonstrated.9

22
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tion of the Cleveland laborato_ _e..._'"*

forward, Kemper stayed behind at

LangleytocontributetotheNACA's secret

jet propuis_on pro3ect--aproject that

failedtoprovidethe count_"v¢i_ a prac-

ticaland timely jet propulsion system.

Kemper, a 1923 graduateofthe University

of Pennsylvania in mechanical,engineer-

ing,had jomed a handfulof power plants

engineers at the NACA aftertwo years

with the Packard Motor Car Company•
Four years later,when he took charge of

the division,hisstaffnumbered 20.After

!934, when a new power plantslabora-

+orv..was buik_atLa-..gley,h:.s..... staffwo.-ked

in cramped officesabove the roar of

enginesbeing testedon the floorbelow._°

Kemper would never regainhis roleas a

leaderof power plantsresearch.In 1945

the NACA sent him Europe to join the

A!sos mission as its expert on a,.:'cra"

Inj'anua_-i943,when CarltonKemper arrivedtotakeup the dutiesofExecutiveEngineer,

itwas not clearwhat hisroiein the new iaborato_ would be. Ten yearsas head of the Power

PlantsDivisionatLangleyhad -"__,o_ earned him the expectedpositionof engineer-in-chargeofthe

new iaborato_.Why Sha_ was chosen to take the helm of the Cleveland laborato_,ra_er

_an Kemper, isnot clear.As theconstmc-

.. li:_Tii:!i}i}i!i_i:_;_$ ::!'_7 :!_{_:i:!

:!_ii!:;_:i?

:ili!!::_! .....

Ed,,vard Raymond Sharp {1894-i961], Director of Leu,,is

Laboratory Ihrougb, 1960.

engines. Addison Ro_nroc_ became Chief of Research, and it was he who would oversee the
: 4, t _.

mbora_o_ s difficulttransitionfrom +_e .oiston,.,.o._,__otojet ,-'"... prop,_m:on.

LANGLEY'S POWER PLANTS DIVISION MOVES TO CLEVELAND

In the research hierarchy at " _"",anwey, _._,w_,_'_w-_research occuoied, one of the _ower rungs.

Aerodynamics, expefin,entalIy studied in wind tunnels, expressed the research heart of the 1930s

NACA. Even the famous NACA cowling that allowed ai_Ianes to go faster and coo! more efficient-

ly had more to do with aerodynamics than power plants. The two major engine companies, %%ight

Aeronautical and Pratt & Whitney, were fiercely competitive and jealous of their proprietary
,_;w,_o,_:,_o.They did not welcome _, ..... "--4,_ - ' " , .. oo_e_._me_,_n_e_ere,,ce. Through an agreement reached in ,9_6,
the government : _ ' :,'_e_ engine development to the engine manufacturers, a.:nough a limited amount

of engine research was carried on by the National Bureau of Standards.

Technical judgment as well as the a_itudes of the engine compa±es may have influenced

the NACA Power Plants Division to focus on the diesel, or ._'," " --'-'-;._" --compress.o,. 4, ..... o,. engine. Most

power plants experts of the 1930s thought that aircraft engine advance would occur in the diesel

engine, which did not have the problems d-,mt held back me deve-opme_,.: of the air-coo!ed engine:

: ;_" ' the *_'- "" ' flight4maon, _mock, and me_,..n.,g of fuel into the carburetor. After the nrs_ of a Packard air-

craft engine in 1928, the diesel seemed to be the aircraft engine to overcome the limitations of the

• -- _ _k2',_
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i_ i

Carlton Kernper, Execudve En_neer.

air-cooled piston engine. However,

development of the diesel engine, because

of its weight, proved to be a dead end.

Because of its decision to focus on

the diesel engine, the NACA was left out

of the dramatic deveiopmem of the air-

cooled spark-ignition engine in the !930s.

its improvemem came unexpectedly from

fuelsresearch by the petroleum industry

on the branched paraffin, octane. This in-

crease in performance spurred super-

charger development to keep engines

from starvingfor air at high altitudes.

However, the problems of knock and pre-

ignitionifauky combustion within the

engine's cylinders) remained. With

increased supercharging, effective engine

cooEng was also a problem.

Gradually, in the iate 1930s,

research on the diesel engine declined,

and the NACA began to be pulledintothe

mainstream of engine development. With the %rmation of a Subcommittee on Aircraft Fuels and

LubricapXs in 1935,research at Langley was initiaed on the knocKng characteristics of various

fuels,ahhough thisresearchplayedoniya peripheralroiein the rapidlyevolvingunderaanding

of hydrocarbons.

To advance the NACA's researchon combustion,Cearcv D. Millerinventeda FJgh-speed

camera that could take pictures of the combustion process within the cyEnder of an engine at the

rateof40,000framesper second.With thisnew high-speedphotography,the exactpointatwmcn""'

the engine began to knock could be determined for the first time. It was an exciting
breaMhrough. _

Miller's work is _. example of what the NACA meant by fundamental research. He took a

problem common to aii air-cooled radial engines and invented a method to analyze it. Publication

of Miller's reports put this new knowledge in the hands of industry designers-the point of al!

NACA research.The Army's fuelsagenda forthe Clevelandiaborato_-includedstudyof thefuel

additivesxylidineand triptaneto increasethe performance of combat aircraft.The laboratory

tackledthe problem of replacementcylindersworn down by sand from unimproved airstripsin

Africa. Oil foaming, which drained the engine's oil during flight, also received attention. :2

in 1940 the NACA was pushed back in[o supercharger development, a field in which it had

pioneered Ln the iate !920s. A supercharger section, with Oscar Schey as its head, launched a new

program with strong backing from the Army and direction by the Power Plants Committee. Well

known for his early work on the Roots supercharger, Schey had made outstanding contributions

to power plants engineering throughout his career, beginning at Langley in 1923 after graduation

with a degree in mechanical engineering from the University of Minnesota. His advocacy of valve

overlap and fuel i_ection in the piston engine resulted in lower supercharger requireme,_ns, and
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TROUBLE-SHOOTING: THE WARTIME MISSION

n's study of the finningof engine cynnaers contnou_eo to bettercooling)_ %A/nreAmerican

manufacturerswere slow to + :-_,a_,.up Schey'ssuggestions,theGermans successfullyused. t.e zarge

valve overlap idea, and espec'.,az_vfuel injection. Sho_iy oe[or,. :he war, when George Lewis

wsx,.a Germany, ne was surprised to see Schey's reports on the desks _' "o_ ms German counterparts
at the Deutsche Versuchsanstalt f'ar

L,._.,_,._ !DVT __4 ,,.;_._,_,,._ _ -_;. D,,..ng the war Schey

advocated abandoning the NACA Roots-

_ype supercharger, ''; _' he " "* _ ,,_c.. oeiieved

,o_ be as effective at high a_,k,.des

as the turbosupercharger designed by

" ";" HeSanford A. Moss at General E,ect_,., "s

was correct.

Schey's group was the last of the

four sections of ti:e Langley Power Plants

Division to transfer to Cleveland, in July

1943. Inte_wiewed at that time by the

!aboratou% newspaper, Wir,g T?ps, Schey

declared unequivocMly that the super-

charger was so essential 4, _ ,- • •_._a_ his Qlvlslon

>,'as "looking forward to a ._o_-"_ G,s_;*_,'_ ._ " ....:

....... when they :"_.,, .... w_ be asking you not :".

'What Mnd of ...... ,4,,-c,_, have you got

on your engine?' but ' "> _' " " :_77

have you got on your " - _, .-e 9' ,,:6supe_ c,.a, oer.
Ben Pinkel, one of the NACA's Oscar Schey, C;def of, the..Sueerchar_e,,_.. Division.

!ending propulsion ex'peXs, directed the

N_.CAs research on the exhaust gas _,.b,_,e, another name for the turbosupercharger. Pinkel had

come to ÷:',e NACA in i931 from the "' " _ "' '.._ cmve.s_tv of Pennsylvania w-in a _egree in electrical

_; ";',_, in Pinkel _ne Engine Analysis Section, it had aenomee .... o. I938, when was appointed head of _'

staff of three. By i942, '_..........m_e_ s division nan expanded to over 150 _neopie. _,._.,,,.o,._...... _,^ .a,.._,.og";';_:_o were

lacking at Langle< as soon as the Cmvemnc Laboratory "*'as ready, Pinkei's _, - '- _ "

Division muncneo a strong program to improve exhaust gas turbines. In a ,at< to me o_=,, aa of

whom, he humorously remar._ea, eemonstratea the princip'e of 'heat m raG,on, Pinkel

.:umma_ed the impoxance of their work to the war effort. Aamng a tureosupercnarger to the

engine of .:he B-!7 ........ thought:ortress, once obsolete, nag made ;: a high-speed, P'._,_--
aI.._.de airplane. 'This caused co_.s-c.erame ,, ;,_ ,,,_ +at_',.xc..e .... m _ne time because there wasn't a pursuit

ship in the airforce that could keep up with it. '':r Testing in !939 by Ben Pinke!, Richard L.

Turner, and Fred Voss confirmed the predictions of a German, Hermann Oestrich, who suggested

.na_ the horsepower of an -,.,,;-e,_.-.e could be _..creasea by the redesign of the nozzles of the

airpIane's taiipipes. The Power Plants Division became an advocate of "e "xb.aust stacks" added to

+'_e,.._=,Ip_pes =,_....,._=,g*_.Once they were adopted by the aircraftmanumcmrers, t_ev lea to

dramatic increases in perfo.-_.,ance " * " : '" No .... American P-S! and thengEer planes, mcma:ng the ' _,

British Spitfire. _s

Laboratory staff was less ,.n,husiasic ' * itsaoom work on the Allison _qum-coo-.'ea engine.

Although many, of their research programs were simply a car%'over of wo._--'- begun at r _,_,.,ano_ey,
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A_m_y ResearchAuthorizationE-Itoimprove thepower ou_ut oftheAllison-17i0enginewas dif-

ferent.IssuedinOctober 1942,itwas the laborato_-'sfirstnew researchproject,i_HaD Arnold,

Chiefofthe Army $,irForces,counted on _e Clevelandlaboratory,toassistinthe redesignofthe

Allison supercharger and intercooler. 2° Three engines were sent to the laboratory. Schey's divi-

sion inves,figatedthe superchargertogiveitbetterperformance.Ro_rock's divisionex_loredits

Hmitationsinterms of knock; Pinkel'sdivisiontook on the problem ofcooling.Moore]s Engine

Components Divisionimproved the distributionof fueland airin _e carburetor.

The Allison engine, however, never met the "-* "_ 'expe,._a,.ons of the Army Air Forces. The

Cleveland Laborato_'s work on _.e Allisonengine increaseditshorsepower through the use

of water injection mud supercharging. However, from Ben Pinkel's point of view, th's work

A technician readies the AiZison V4710/or test on one of the dynamometer test stands in the Engine Research
Building.
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was a "tremendous waste of effort" because of the basic flaws in the engine's " " _aes_gn.-" Only
after the Army substituted tlne "_;*" h in ..... _ __.,as_. Merlin engine, .:he B5! Mustang arc, the United S_a_,.s

finally have a fighter for high-altitude flight. 22

THE ALTITUDE WIND TUNNEL

As the Altitude Wind Tunnel neared completion in October 1943, Abe Siiverstein trans-

ferred to take over as t_e head of the new E_._me Installation Division. Of those who made the

o.la War II, ,'_ was Silverstein, the aerodynamicist, not a member oftrek from Langley during W, " ' "_

the original Power Plants Division, who would leave an indelible mark on the technical histo W

of the !aborato_. A native of Terre Ha,_e, ind., S,vers_,,m had graduated from Rose Polytechnic

Institute in i929 with a degree in mechamea! en_ineer:.no__. ,_. When _'_neNACA hired ram,'" he was

assigned to work on the design for the full-scale tunnel. Silverstein quickly immersed himself in

the project that launched his career. With the tunnel completed, Silverstein landed the job as head

of the tunnel's research program, largely devoted to measuring the drag and performance

characteristics of specific " ' *, _ac:<-.'ed the _rob!em ofm_..a:.es. His first paper, published in !935, _ "
wind tunnel "-_ _; _ "_-_e,,e.e_,ce with reference to wing ,_lacement and downwash at the _::_=:_.23

Hap Arnold wanted the new Altitude Wind _'ihnnei pressed into see'ice at the earliest possi-

ble moment, z_ Had better German facilities for altitude research contributed to their engine

superiority during the earn years of the war? _^._;_, . ,,,:_.:_ Aeronautical and Pratt & "" ""_,Nm_ney were
evempmg increasingly powerru_ engines, _ • ' ' ',,m tan achievement of adequate engine cooling e-udea

the efforts of the overburdened engine companies. Only- through full-scale testing in the new wind

tunnel could these problems be analyzed and solved. With the amount of e..ectnc,:-" :+v reauired, to

operate the tunnel for a single test equivalent to the daily needs of a small :"c,y, no single engine

company could have afforded to build and operate it. Yet full-scale engine testing thrust the NACA

squarely into development, heretofore the baiiywick of indust.w. With such a large and expensive
facility, would the NACA be able to return to fundamental research at the end of World War ."!?

While the aerodynamics of the tunnel were worked out at Ames, A. W. Young and L. L.

Monroe took charge of overall design and ..... .,.o,.st_,..on, an undertaking that presented unusual

engineering cha!ienges. 2s Steel shortages delayed the fabrication of the n_':,.,.K.e-s`ee_:* ' shell of the

tunnel. Even after a review of the original plans by Beverly G. Gulick reduced the structural steel

requirements by 250 tons, it was difficult to pry steel loose from the federal procurement system

until the tunnel's rating was changed to priority. One of the fruits of the cordia I relations that Ray

Sha_ had established with the Cnamoe. Commerce was the temporary _ ._ •ass_om,.em to _ne

NACA of Clifford Gildersieeve. When procurement reached a crisis in April 1942, Gildersleeve

was able to expedite delive_, a.;a co._s,_,caon was oegun m july 1942 by me Pittsburgh-Des
Moines Steel Company.

Part of the expense and complexity of the tunnel resulted from its requirement for an exten-

sive refrigeration system to sere both .u,e Alt:tu_e Wind Tunne_ and a smaller Icing Research

"" " " ym_. during "_ _"Tu,_.e,, aCded to the "_' _ ' .... . ,cons_.uc_on. Aitnougn the NACA ,.x,.__'_"-'_ m wind ........_e;-'

design, the refrigerating equipment and heat exchanger for the tunnel were beyond its technical

expertise. More comfortable approachLng the problem from the point of view of aerodynamics

rather than heat transfer. NACA engineers ,_;c,;,_o'..m ' .,.... _......: proposea a scheme of cooling co',.-s consisting

o," streamnnea trans. When progress on t_e design _ai_erea, the NACA turnea to _n,. Carrier Cor-

poration and its founder Willis H. Carrier. Carrier, the "father of air conditioning," was at first
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reluctant to iet his already overburdened company undertake yet another war-related task. but he

finai!y agreed. When t'ne job was finisi_ed, 5e Ead no regrets. He viewed t_e NACA project as his

life's greatest _,- -; _,eno._,ee.,n o achievement. Not oniy did it break new- ground in terms of a Iarge-scaie

engineering feat, but it enaNed Carrier to put b2s skills to work for i_is country. He proudly wrote

that "because of its success, kigi_ officia!s in t_e Air Force told me teat World War I_ was si:orten-

ed by many months" '_
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Carrierurged the NACA to abandon * :" ' tos_ream_mea tubes and accepthis proposalto use

"jackknifed"sectionsofcoils,"foldingthem down likea collapsedaccordionuntilthe coilsfitted

intothe tunnel.',27Turningvanes were added on the downstream surfaceto straightenthe flow.

To ge_the NACA toacceptms designforthe neat exchanger,Carier went sta.oh_to Vannevar

Bush, who was then Directorof the Officeof ScientificResearch and Development {OSRD}, a

specialagency createdby PresidentRooseveltto tap the scientifictalentof the count_. Bush

calleda luncheon with JeromeHunsaker, _e new NACA Chairman, and Lewis.Carrierrevealed

a low opimon of the NACA's initialdesign:

Dr. Lewis asked me ifIthoughtthetestson the streamlinecoilsatLangleyFieldhad

value.My answer was not polite,and I'm afraidi scaredour representativeby my

outburst,itoldDr. Lewis thattheboys conductingthetestsdid not know what itwas

allabout,and thattoomuch money and,ofmore impo_ance, toomuch timehad been

wasted already."Heat transferexpels shouldbe calledin,"itoldhim and suggested,

among others,Professor William H. McAdams of Massachusetts Instituteof

Technology.2s

So unusual was the NACA p,o3ec__ _ "'_,atthe CarrierCorporationhad to use many _:"en _ e,y

original components, which they built and tested themselves. Although Carrier gave little credit

tothe NACA, the sometimes heated give-and-takethatoccurred between the NACA staffand the

representatives of the Carrier Co_oration contributed to the design of the remarkable heat ex-

changer and compressor.Carrieraec,_deato use rreon.12as a refrigerantand .eaes,_n,.athe

famous Carriercent_fugalcompressor tobe used with it.Carrierreanzedthat.aLhough me wma

tunnelwas a one-oba-khndinstallation,the new compressor might have commercial applications

after the war. In fact, it later became one of the company's standard products. Moreover, Carrier

recognizedthatgaLnsin terms of prestigein the engineeringcommunity more than made up for

the headaches.Postwar Carrierpublicityfeaturedthe tunnel.29

While construction slowly proceeded, problems with the Wright R-3350 Duplex Cyclone
became critical. ' _ _"_ " 'Devempmem of the R-33a,_ had been troublesome from the start. Its powenui

supercharger, an indication of V_%ight Aeronautica!'s advanced work in this area, caused the car-

buretorto malfunction.The attemptto switchto fuelinjectionin !94i did nothingto solvethe

carburetorproblems.The engine'signitionwas faulW;oi!leakedexcessively;cylinderheads blew

almost as soon as the engine turned over. Worst of all, the engine overheated and caught fire in

_ght.

Arnold was counting on the B-29 Supeffo_ress, _wered by the Wright R-3350, for the

strategic bombing of Japan from the China mainland. When the er..gine caused the crash of a "oro-

totl,_e in Februa_- i943, it placed Arnold's plans in jeopardy. In October, with the problems not

yet solved, Arnold informed President Roosevelt that the bomber would not be ready to be sent

to China until March or April of the next year because of a "holdup in production of engines:'3°

Roosevelt was furious. He wrote to General George Marshall that this was the "last straw."3_ The

engine situation was now at the point of crisis. Still the Altitude WLnd Tannel was not ready for

fui!-scale testLng of the Wright R-3350.

Engineers at the Cleve.ana laboratory knew only that the perplexing proozems o.-"tn:s com-

plex engine had to be untangled. The group render Stan Moore discovered that, with a new spray

bar, fue! and air m_ed more efficiently in the carburetor, and cooling improved. However, there

was no time to reGes:gn components for engines ix,. production. -.'..e Engine Research Division,

supe_ised by John CoHins, studied the valves of the engine and discovered that an extension of
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Eae cylinderhead by the additionof a small amount of metal avoidedthe excessiveheat that
i-" 1 ,I :Isometimes causea ._ne valve to .... " _.co:lapse. This was a nx that parts manufacturers like znompson

Products, which supplied _ight Aeronautical, could implement ima_...ediately, sz

As tunnel construction slowly inched forward, engL-'.e technology was about to be

transformed by a new propulsion system. Ironically, when the elaborate Altitude Wind Tunnel

v'as at last ready for its first test rtu_ in Februa_ 194_, the 1-16, a turbojet secretly developed by

the General Electric Company, took prioriW over &,. Vvngt,._ R-33o0. The entire :useiage of the

Be!1 Aircraft P-59A, with its wings sawed off into stubbs, was squeezed into the ttmnel's cavernous

space, s3 T.his secret test of the 1-16 foreshadowed the laboratory's radical transition to jet propul-
sion after World War il.

- * _ inTechnicians prel)ared the I_ig_,_ R-3350 for &,. tunnel's first offzc,_m tests May. Testing

solved many of the engine's problems. Abe Silverstein's group, in charge of engine inst_!ation and

testing, found that when they adjusted the cowling of the engine and extended the baffles that

3O
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directedthe airaround each cyimder,they detecteda dramatic increasein the engine'sabilityto

cooleffectively.One enthusiasticCarrieremployee claimed thatthe tunnelwas so effectivethat

. ' r" O;in ten days of testinz._ "the entire cost of the tunnel was recaptured during this o.ief period . its

operation.' ,34

By spring1943,itwas apparent thatthe program laidout by the Army forthe Cleveland

iaborato_-was "calculatedto solvedetaileddifficultiesratherthan furnishfoundationsfornew

progress/'At leastone member of the Power PlantsCommittee bemoaned thisexclusiveconcen-

_r_,o_,on "trouble He urged &,. _,_--,snoo_mg. NACA to deve!oo proo_a_,,promisLngnew progress

ratherfinanmopping up ground alreadycovered.''lsThe iaborato_ did findthe "quick fixes"

needed to keep engineproductionmoving, but itisone of history'sironiesthatjetpropulsion

would renderobsoletemost of the facilitiesso carefullyplanned by George Mead's specialcom-

mittee.Itissymbolic thatAmerica'sfirstturbojet,ratherthan a pistonengine,had the honor of

thefirsttestintheAltitudeWind Tunnel.In 1944,with victo_ insight,thelimitedfocusofNACA

wartLme enginework was clear.George Mead, with perhaps a twinge of remorse,wrote toSam

Heron: "Thiswar has certainlybeen a vindicationof thetwo-row,_r-cooiedradialengineand of

the two-speed,two-stagesupercharger,so thatIfeelthe work done here was not in vain.''s6Yet,

me facilities_ney designedwere obsoleteby *'e.. ena of the war.

BUILDING Aa,N ESPRIT DE CORPS

Almost without ,,'-*; s'a:; of ' " _ _, ,,,_exc,._,.on, the _ _,. the new laoorato_" came zrom outside C,eve,a,.,..

Addison Rothrock and Ben Pinkeltook advantageoftheirlong and lonelyeveningsin a new city

toexposenew personneltothe natureofengineeringresearch--noto_Aythespecificurgentprob-

lems that_ey would be requiredto solveduring the war, but alsothe natureof fundamental

engineering research in the NACA " _ ":': ", Just as_raa:_:o.,.. the NACA had "- _ 3,.,ease. an aeronautical

researchcommur,/_ at Langley in the years between Wbrld Wars I and If,they hoped to see a

new propulsion commum_ put down roots in this midwestern industrial tiff.

On We&nesdays at 5:00 sharp, the research staff met to hear lectures on various aspects of

engine research. New staff members were exLpected to take an active pax in the discussions that

followed each formal presentation. One of Rothrock's first lectures illumLnated the pu_ose of the

iaborato_. He defined the common values shared by members of the government research com-

mmniW and what a'_stmgu:sned the NACA engineer, wao m,_nt:nea with the engine community

as a whole, from the more narrow ioyal%- to his company of an engineer employed in _,a"_"""_,s+,_."

He pointed out ",hat, in terms of equipment for engine research, the iaborato_- was probab!y

superior to any found in the world; but, he warned, no matter how good the facilities, it was the

quality of the staff that counted. No amount of investment -in facLlities could make up for

mediocri_. He advised ",.he "fresh outs," who far outnumbered experienced engineers, *' * ". _2a_ t_e

way to get ahead was to become an authority on one aspect of an aeronautical problem "so that

when anyone thinks of _is particular phase of the field of aeronautics, he thinks of your name."

Teamwork was more impo_ant than _e genius of one par+dcular individuai-"no one of us, or any

group of us, has any corner on ±e brains of this organization." Honest technical disagreements

were inevitable and usually demonstrated a lack of data, not a lack of expe_ise.

Rothrock advised the young engineers to respect the technicians who worked for them. "Let

them know that you want your job accomplished, but don't try, and bu"idoze them into doing it."
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People in engineeringsupport se_ices had the uncanny abilityto bring an engineer'srough

skew,.:,on the back an envelope to life.

Rothrock stressedthatwhat he lookedforin an engineerwas the abilitytothLnk : " "-og_cai_y

and to plan step-by-step tests to yield accurate and concise data. joined to the ability to conceive

a testwas the need to analyzethe data.Anyone could reportdata,but %w could takethe new

informationand draw broad conclusionstoshow the way "thissmallgroup ofpiecesfitsintothe

main picture." Finally, the new knowledge had to be published in a report that could be

understood and used by industry,s7

Because knowledge Isthe ena proauct of a researchl=oora_ory,.:hepreparationof the

research report received special emphasis in the orientation of new engineers, Pearl Young

" = " _.... +'"_ ,he,. datadescribedthe roleof the _d_to,_a_Officem ass_sa_,=engineeringauthorsto present• :,-

"tactfully, strategically, and wifia teiEng force. ''ss These were the words of an editor who _new

that the readership for the NACA report was the aircraft industry. Unless the repo_ was accurate

and well organized, innovations carefuliy proposed by the government researcher after laborious

testing would go no farther than the _ " v , • -aooi_she_.. Young had mgn editorial "_ '_.-s_na=.ds. She brought

the traditions of the Langley Editorial Office to Cleveland and trained its new staff-among them

Margaret Appleby,a woman of graceand efficiency,who laterheaded the officefrom 1951 until

her retirement in i987.

The preparation of a NACA repo_ was a long process--so long that some indust_ r,,_,_C",',_,.se.--

tatives com.olained that they did not always receive them in time to be useful. =;- +..... _s,, a repo_ was

reviewed carefully by a committee composed of the writer's engLneering peers. After revision,

authors were assigned to an editorial clerk, resoonsible for reading rough drafts and _'_,,_,-_-;,,_

curacy. Young described the painstaking labor of preparing a report, which was "checked and

rechecked for consistency, logical analvsis, and ' _ ...... . aosolu_e accuracy, ''S9 The point of puo.s,_,n pc,

reports was to communicate new knowledge to indust_ to be used to improve engine designs.

However, the shop tricks, instruments, or techniques developed to analyze a problem were not to

be shared with industry. "Antonio Stradivari," George Lewis warned, "made a success by making
the world's fLnestviolinsand not by ,:*; , •w._,,nga_icleson how otherscould constructsuch m-

struments."_°The NACA made itsmusic by honing and keepingthe unique knowledge ofinstru-

ment specialists like Robe_ Tozier and isidore Warshawsky within its walls. Later, when the

NACA became partof NASA, thisin-housephilosophywould change.
i,- ch " ' "Aid_ouo.. the shaping of the _rofessiona! ._z_ • • ,s,_: had the mgnest priority, :',_. care_._ attention was

also a" _, _, "o_ve;, to the traimng of _,e support =," _ : ' " :p,,,so_,ne_ov Ray Sha_ mmse:f. To recruitalertand able
young men from Clevelandareatechnical' ' " .-.-,+:,,_,;

mgn schools, he created an App.e.,.,.es._.p School"

modeled on the one he had sta_ed at Langley. Apprenticeship offered an avenue to learn a trade,

such as carpentrv,_ forging, casting, and other skills necessa_ in a labo.a_ory.,"" The apprentices

developed their own esprit de corps, in addition to on-me:joo*'" " training, some 80 you.ms" were given

formal courses in physics and mathematics, and careful records of each apprentice's progress

were kept. ApprenticesMp was "the process of passing manual skills and necessary related

knowledge from one person to another." This continuity guaranteed that this proud NACA shop

tradition transmi_ed from Langley through James Hawkins, and later carried on by people iike

William Harrison, would continue. However, the apprenticeship program could not prevent a

serious wartime shortage of skilled machinists and tool makers because NACA emplo/ees could
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not be protectedfrom the draftuntil1944, when new ,eg_s.,a_,o_changed the selectiveservice

policy•NACA employees were then mducted intothe Air Co_s EnlistedReserve and placedon

inactive status.

As Cieveiand's industrial _lants expanded, the NACA had to compete for personnel with

companies such as Thompson Products, Eaton Industries, and Cleveland Pneumatic. A new plant

to be o_e_a_ed _,y the Fisher Body Division of General Motors near the ai_o.--t created an addi-

tional need for no fewer than 25,000 skilled workers. As the draft claimed 80 of 85 original ap-

prentices in the program, the head of Technical Services summed up the laboratov's problem

when he wrote plaintively Ln the laboratov newspaper that "idle equipment pleads for men. ''_'"

So acute was the sho_age of skilled machine _ _ _o._er_o_s, eiectrici_.s, metal workers, ane in-

strument technicians that the laboratory made a strong effort to Mre women for jobs normally

taken by men. However, women generally worked in a support capaci_, not one of direct

engineering _ "' "'• _:*_, ' " ".espons;._mty• A few women w_. cotlege degrees in physics and cnem:stry managea

to enter the professional ranks, but at a time when technical schools were producing few women
• . _ f. _._._,._,graduates, women with degrees in mec_amcaI engineering were extremely rare. With a ....... _

of engineers to solve pressing technical problems in aircraft propulsion, women were viewed as

usefu! for relieving the engineer of his more repetitive tasks. "Behind the research engineers who

are working on these problems must oe ready nanes-women s n_..ds, a press release stated.

-" - _- _,r%,am for women w_ta mecnamcaz aptitude"The !aborato_ offered a o_,e ve_, training ? _

with * ",,c,s_am_.o salaries of S1752 per year. This was the same sNa_f paid to "junior aviators"--boys

under 18 who built model airplanes for the NACA. Although the machine shop was staffed largely

by men, about 25 women were employed to " -'". wo._ the lathesand drills,

_" .... _ _'o_ strong rese_'ations about the iong-term" _ _*".... _ .... _ _e_,e_,_s of employing female workers,

who were expected to return to homemaking after the war. One employee commented in the

iaborato_'s newspaper that the trouble with the fema!e worker was that she lacked "aptitude,

ambition m",d perseverance" and changed jobs ' :*_.w:,, no consideration of the ' " 'va-.'uame time skilled

journeymen spent in training her." Men, he argued, chose nonrepetitive work because it "feeds

the ambition," while women preferred "repetitive piecework" to spare themselves mental
effort. _2

The utklization of women in *h L L__,,e:," supposing role was carefully documented. ,.-" 1943 there

were 232 women employees at the EngLne Laborato_-; in 1944 their number had increased to 412,

"indicative of the desire of the management to replace men with women where they can be used

at tae_r mgaest sk:lL The laoorato_" mane an ergo,, to recrmt women chemists, engineers, and

mathematicians, but few professional women were attracted to the iaborato_ during the war

years. However, *&ere was a place for women w'_.:nou.: special trammg to relieve engineers of

"routine, detailed work." The engineer did the brahnwork: he planned his tests and made fine

preliminary designs for his test equipment. Once he had broken down the job into a logical series

of small steos, women could take over. This was particularly true ;.n the C_mn_::i-,_ Section,

wmcn employed about i00 women. Women were used eunng wind tunnel testing as "eata

takers."Probes affixedto the o_ect under testtO measure pressuresprodded data recordedin

mercu_'-mied glass manometer tubes momnted on a wall near _.e m-,nel. During the test a tube-

pincMng technique trapped the mercu_ in the manometer tubes when the desired operating

point was reached. Another method to garner test data was to photograph the manometer board.

Female "computers" then plotted the data on graphs for analysis by the engineer. The NACA
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preferred single women because they had fewer family demands, and they were tess likely to

object to working at night, when many of d':e tests were run. 4a The gender-based division of

labor during World War II set the pa_ern for the future. With few exceptions, women remained

"computers" or secretaries until the 1980s, when the demand for sMlls in com_uter science made

salaries more competitive, and men were hired in _bs area for the first time. ft is no coincidence

that Margaret Yolnner, the first female division chief, came not _- _ ".,o,A. the traditional male divisions
but from the ranks of the "computers."

The newspaper Wir,g Tips bound the laborato:T community together. Engineer and appren-

tice, women and men, new arrivals and oid hands from Langley, all eagerly awaited this lively

amateur production.The firstissue,dls_._,_uteainOctober 1942,was turnedout on a n/meograph

machine by employees with a sense of mission as well as humor. Itwas used to acqua:.ntnew

employees with the richt_a_:*_^-inheritedfrom Langley.Pearlv_,.,_ o.-"" " ";_'_'_: *'_"-';o wrote a series . articles

devoted to "The Place of NACA in American Aviation." She _ointed out that in five years the staff

had grown from 400 to 4000. She explained that, wbile the NACA was well known in aeronautical

circles, it was nearly unknown to the general public. This was by choice. "A research organization

not inbusinesstomake money, gainsnothingby blowing itsown horn,and the resultsofa slow

accumulation of fmndamental knowledge does not ohen produce spectacularresults."Never-

theless,the NACA cowling and the familyof !ow-&ag airfoilsdeveloped by Eastman N. ]acobs
were _pressive "' _" . .....,.on,-ou_m,s to aeronautics. Young spurred the new recruits to :dent_W w:th tins

tradition as tlney were assimilated into_e or_anizat;o._o_ . ... "There are just as many aeronautical

research problems for you to solve by the application of brains and hard work as there were on
• ,1 :' " 4.

the day Orvi:'_e V/ngh_ piloted the first ai_lane at Kitty Hawk in 1903. ''_ This remark was

Staff i_, the machine shop.
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Wartime social fife centered around *,he laboratory.

nronheticofthe_.nc,i_,,-_..c,challengesofjetvropulsion_ *. . -_ _ ........ o _ _.a_awaited these young engineers after
the war.

Wing _vs combined employee education "'_ "'-" _ _; _, me form . .',oo-, w_._ _._e.es,.no quasi-gossip in _' o.-"....

by Lines;' by Mary Lou Gosney. Her central post as receptionist in the lobby of the Administra-
• _. 4.tion Building made her an ;mormaaon crossroad, in addition to devoting space to articles on ad-

ministrative changes, specific research projects, and social and sporting events, the newspaper
portrayed the ' " ' "_ _en fromco,orm_ Langley personalities as they assumed leadership a:_er the "_ ""

-,,anceey: _ne rages of Wing _ps reflected a "do-it-yourself attitude when materials were scarce

and the hours long. Enthusiasm for hard work and cooperation overcame the problems of a

_or,.ed car-pooling.critical housing shortage, rationing, and " ,-
Because of the youth o_., . .h,e &'_$g tO. o_.... most of whom came the laboratory unmarnec,, after

hours socials and sports clubs were important in - ^+'_'_ _"c_e_m, o an esprit de corps. _nere were _nouo.__'_

displaced New Yorkers from the City College of New York to support an a_,_.... , group. Not sur-

._risinglv,. the laboratory celebrated a large number of marriages among employees in _s"_early

years. NicNACA, a volunteer group elected by the _.,_,,,_'_put on dances and parties. The s'aff_,

marked the completion of each new building with a social event. When the MacMne Shop was

ready, it was transformed for one evemng into a roller _"-'- " " . " ' .._,a. The !aeorato.w provmed olots for Vic-

'owo_ Gardens and organized enormously successful War Bond and Red Cross fund drives.
•. , I _" (y, •Az.:nough the _,ano!ev contingent shaned the engineering culture of the new o._,-'..,o

laboratoq,-, their NACA traditions took root in urban soil. Unlike the contemp t of native Hampton-

tans for Langlev's "NACA * " -, •nu_s, Clevelanders regarded the ,e,_ federal _--_:_:*,.• _,.,,: as a feather in the

city's cap. The staff pa_icipated in community _ ": -;_: ' ' ". _c_,s._es from _eaaerslnp of Boy Scout troops to

,_,eff s_ow benefits. The cordialiW of the c_ty-_aoora:o_ " _ ÷; -, ;;-. .e.a..o.s..p was due in no small

measure to the er:o._s of Ray Sna_, who promoted the ":_ • " " "._ of,^_o.v,.me^, !ocal, state, and federal

officials in the woi'.':_o;-__ ,...._o of the laboratoq,---a vital link sorely missed in the i970s, when the

laboratory could no longer take Congressional support for granted.

NL,_CK AND .......
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Many of these officials formed their first impression of the new Aircraft Engine Research

Laboratory on May 20, 1943. Despite threatening weather and a "mud soup" surrounding the

new buildings, the whole laboratory turned out for the outdoor aed_ca.uon..... _-,,ev were regaea_ ' by

speeches by NACA and milita_ representatives on the laboratory's future roIe in advancing a_a-
tion. Mayor Frank J. Lausche _, " ' _ 'ho_,ea taa_ the laboratory would be a boon to Cleveland's industries.

"We were the cradle of the auto indust_-, but we lost it," he _am' ....._'_'_d."We aon't' "-_n:_end to have

the same m:.ng happen again." At the climax of _he ceremony William T. Holiiday, head of
Standard Oil, "o ' .,sol,.mmy presented the American flag to John Victory on behai_ of the Cleveland

Chamber of Commerce. Victo_ laid it in the hands of Ray Sha_. As a recording of the Star

Spangled Banner was played,, the fiag "*'as solemnly raised. O_wi!le "_._oh_,T_',_, who attended the

ceremony with other members of the Main Commfi_ee, w_Iy commented to the CleveZand Press

&at some 40 years ago he and his ' _, ' "oro_:,er had wor:<ea m a "mite smaiier lab. '''*s

The enduring legacy of the war years was the creation of a new propulsion research com-

muni_- that cut its teeth on the piston engine, ana ,_,,,,,¢,,. its participation in so.tying w_,m,,'_-;
engine problems, absorbed NACA _ ,_'+,t.a_,_,,o_s that would continue ' "- _,then ,,o_d on the iaborato,w wei1
into the space age. The piston engine provided a soE.d , - ,,_" _ ',- +__ "apple .... ces,.,p. Com_,us,,o_,, heat transfer,

and the perplexing aerodynamic problems of the supercharger offered a strong foundation on
which to taclde f,,,_,e problems of" _ ", "je_ prop_,Iaon. A young and eager sta:_, ied by a few seasoned

Langley hands, stood poised on the edge of a new era.

When the !aboratoo, "was dedicated on f_ay 2& .9.,3, the ,\rACA Main Committee met zn Cfeveiand. Left _,o
nghc Charles G. Abbott, Major General Oiiver R Echols, William E D',_rand, Or_;ifZeWrigh,; Jerome C Hun-
saker, Theodore R Wright, Rear Admiral Ernest M. Pace, Francis :// Reickeldeffer and Lyman ]. Briggs.

36 ........... ,..tN _. ...... _:OTOGRA?_



TROUBLE-SHOOTiNG: THE WARTIME MISSION

x

i_ i7_

C

x

NOTES

: H. H. Arnold to Mr. Lovett, "Fuel injector Directive," 3 November 1941, H. H. Arnold Papers, 42/80,
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McFadanc, "The H. H. ,_mold Co,;ec,o,, LC Quarter',.yJournai of Current Acquisitions, IX (4):171-i8 i.
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Division, Libra_ of Congress. See also Robert Sci_aifer, The DeveJ.oprnent of Aircraft Enflnes iBoston:
Graaua_e School of Business Administration, Ha_ward :' ; ' _ _"",_m_e,s,ff. 1950!, p. 230; note 21, p. 523.

2 Arnold to Hunsaker, 14 October ':942, National Archives, Record Group 255, 62-A-,._ ' ".:.Copy ...;."NASA
Histo_" Office Archives. Debate over the engine situation in the Power Hants Committee resulted in

a s,.,,g:.,o responsetoArnold'schargesby ArthurNuX ofWright AeronauticalanG Leonard S.Hobbs
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believed that-' ,-_ .... _ c* " .....ezlance on "small engines to e,_e..... _y Go, the mlt,_at_ve and step above the Germans was
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trated iaborato_' -"" o."the ;_* " _" ,-," ,-. wo,_. Minutes . Power Plants Comm.,ee,., Dece.,oe. 1942, National

_'' ofArchives, Record Group 255, Power Plants Committee Files. For _ exa..De _rewar NACA fmn-
damental engLne research, see Oscar W. Schev,. Benjamin Pinkel, and Herman ...._Ei'ierbrock, j,'-., "Cor-

rection of Temperatures of Air-Coo!ed Engine Cylinders for Variation in Engine and Cooling Condi-
tions," NACA TechnicaZ Report,. 645, !939.

" Helen Ford, ' .... " " 'r_o,,, Historical Vmw_omt." Letter to Miss Scott, 23 December 1942, ;," History _ ".... oose,ea_,
NASA Lewis Records,

RuaoL _. Gagg, "State of the Work on the ,aircraft _,_c,>, of _'_.o...e Research Laboratory ,he National Advisory
_a4.Comm,,ee for Aeronautics," ii Fe._rua_w 1941,NASA Lewis Records, 34/ii0.

5 interview with the author and notes courtesy of Charles Staniey Moore, 9 August 1984.

6 Danscript of inte_dew with Ben Pinkei, 4 August i988, p. &

,._e,.e. from Ray Sharp to Vera Sharp, 28 December _94_, _*'._,o*," Papers of Mrs. _awarc R. Seam.
Biographical ,nformat:on on Sha_ from Ro_a:,c, Model Research, p. !75; C_eveiand _ess, 23 September

1942; miscellaneous clippings and press releases from Shar_. o,og.a_hv_i- . . _'me, NASA H.s,oU';" • Office;
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f_ed-fee, see Richard Polenberg, War and Society iPhiiadeiphia: j. B. Lippincott, 1972_ p. 12-ixa.

s Boys Grown Tail, A Story of American rnitiative, a book " • ' .....pnva,e_g _uoz:sned oy the Geve,.and Plain Dea_er,
1944, p. 41-42. Case Western Rese_'e University Archives.

The Wright R-2600 engine was p,_,,cec a_ the comp_y's new Lockland plant near Cincinnati, 0'.."20. Prob-

lems may have been caused by supercharger development begun in 1937 after the engine was in ._ro-
cuc,o.,. In addition, Wright had to switch to the _ "-o,sey carburetor around 194i because of cooling
problems. See Schlaifer, The Development ofAircraf_ Engnes, ._- 525, ..o_e"" 23, However, its _robiems a_-
pear ",,I*;-,-_.e.?_" *.o'_e _raceao_e'' "_o._roduction, .."o_.... design _m investigation, carried out 5 April 1943 by
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CHAPTER THREE

JET PROPULSION:
TOO LITTLE,
TOO LATE

Latein !943, "_' "_ .,-"w,.en _.e fl.s_ turbojet -, ",- ' .e_,g_me was brought to the Cleveland laoora_ory, the en-

tire su_ect of aircraft jet propulsion was so secret that oniy eight members of the !aborato_" staff

were aware that the British and the Germans had actually flown aircraft _owered bv this radicaliv

new _mpe of engine.Ben Pinkel,Chief of the Thermodynamics Division,recalledthathe an_i

seven othermembers ofms divisionwere summoned tothe Adnnms_ra--on Buildingtoa specm_

meeting with Ray Sha_ and ColonelDonald Keirnof V_ight Field.They were sworn tosecrecy

and told the remarkable story of how the United Stateshad obtained a valuable piece of

technologyfrom the British--theplans forthe Whittleturbojetengine.'_

KeirnrepoAed thatin April!941 General Arnold had learneddu.dnga visittoEngland of

the develooment,of a turbojetengine by Air Con'_modore Frank w'_:++_,.:._.,.._At a meeting at Lord

Beaverbrook'sestateoutsideLondon, Arnold was sumrised when hishost, Churchill'sminister
Of • ,.,_ ,c, _ .

mr,._a:_productionand one ofhismost intimateadvisors,turnedtohim ana said,"What would

you do ifChurchillwere hung and the restof us in hidingin Scotlandor being run over by the

Germans, what would the people in A_merican do? We are against the mightiest army the world

lnaseverseen."Those presentatthemeeting ao,eea_'that•Germany couldinvadeEngland "any-_....e

she was willing to ma_._'=t._e,, sac,;_ce,._ ."2 This was t_e" context in wmcn.... Great Br:.tain agreed to

turn over the plans for the Whitt'e turbojet engine, provided utmost secrecy were maintained and
a strictly limited ,,._>, _ ' its " - ' ,-+ ':n_._,._erof persons were revolvedLn r., _/

- A.,_o,,_ . in-ae_ e_opme .... Dersonai_v

spectedthe Whittleengine severalweeks before itsfirstflightand arranged to have General

Electric's Supercharger Division at West Lynn,. Mass., take on the Ai,_erican aeveiopmem'" * of Whit-

tie'sprototype.ArnoldselectedBellAircraftofBuffalo,N.Y.,towork concurrentlyon an airframe

for a fighter, or pursuit-t_Lpe aircraft 3

Arnold "" • 'a_soa_cned. Keirn to England in August. He returned two months later w,._-;_;"the otans

for fine Whittle W2B {an improvement of the original model), and an actual engine, the Wl_(. In

_ee:..o;.to the plans and the engine hSelf,Keirn arranged to Drmg to the United S_c._esone of

"' " +:_' _.._tle _" 'WmLa. s engineers and several tech_'/cians. Frank _ r_'. ,- _ ,arose1:, fine new engine s designer,

visited the project during the time of intense development at General Eiectric's Supercharger

Division at West r ,,,, ."" _ ,,,.. . .; ,._y,_.., Mass. So new was the concept of a com_,.esso.-_.bme combma.o_, pro-

peiiing an ai_iane that, even with the plans and the reassembled engine, the supercharger expels

remained skeptical. The British engineer recalled that "until we pushed the button and showed

this thing running, the Americans wouldn't believe it woad' wor_.:-''_ The General E!ectric,group
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succeeded in translating the British specifications and produced, not "*_" ""w_,_o,,_ difficult, an

._.meficancopy of the Whi_le engine.

Arnold's selectionof the General ElectricSuperchargerDivisionwas no com,..cen,.e."";" " In

19i7, at a time when there was a generallack of interestin superchargers,Sanford Moss

pioneeredthe aevelopment of a turoosuperc_,arger,a turbinedaatutilizedthe waste gasesinthe

engineexhaust,a conce._t,firstadvanced by.G%e Frenchman Auguste Rateau._._•General Electric's

West Lynn Plantthiswork continued'_.derArmy sponsorshipuntilMoss retiredin 1937.Partof

_' ofthe successof the General Electicturbosuperchargermust be attributedto me development

materialsfortheturbine.Specialalloys,such as HastelloyB forthe turbineblades..Tlmkin alloy,

and laterVitailiumfor the turbine disks,enabled the turbine to widnstand the extreme

temperaturesof the gases thatpassed through its

ColonelEdwin R. Page,Chiefof thePower PlantBranch atWright Fieldfrom 1926 to 1932,

played an impo_ant role in encouraging Moss's work. Page calmly kept faith,despitewhat

a.z.zearea__ to oe an enormous waste ofgoverment :unas,wmle turbinesatGeneral _e,.,'_',c"explod-

ed to the " _ a_:a,_' "" ofng.,_ leftof him.6 Because of ms association :÷_w_,.-the development Genera_

_lecmc s supercharger,me Army calledon Colonel Page to nu_ure the ,eia_,o,,sKpbetween

General Electric and the fledgling NACA laboratory, in Cleveland. h'e was appointed the

n.st Army liaison Grocer _- May I943.laborato_'s "- "'" .._

So secretwas thedevelopment ofthe V,'ni_ieenginethatGrAy.aftert..e_, classificationofthe"

project was downgraded from "super-secret' to "secret" e_.,'v the summer of 1943 was Keirn

allowed to inform the NACA of t:_s important project--over _-o years after Arnold's visit to

England. Keirnfurnishedthe selectgroup atthe meeting in Sharp'sofficewi_ a setof _lansby

General Electricfor a jet PropulsionStaticTest Laboratory,which was begun in july.Pinkei

picked Ke.work K. Nahigyan to head the new JetPropulsionSection.
4."

In September contractorshad hasalycompleted an inconspicuousone-storybuildingatthe

Cleveland laborato_. It was surrounded by a barbed wire fence at the edge of the alcott's run-

way. A heavily guarded truck delivered the General Electric I-A for testing, z The Static Test

Laboratory consisted of spin pits lined with wood to protect workers from the dangers of blades

ay;mg offinalldirectionswhen enginecompressorsreached then-bruitsaunng enaurance _es,,o,
The secretwork carriedon infinismodest +..... " ._s_r_c_,re,setapa_ :ro-,thecarefullydesignedperma-

nent laborato_ buildingsforthe investigationof the pistonengine-would,afterthe war, become

the major effo_ of the entirelaboratory.

Ifthe successofthe Whi_le enginewas news tothe _....." ' ---". o_ce, t_nejetpropui-

siGn concept was not. Pinkel and Nan._an had assisted work at " e:._an_,..evon a jet propulsion

device,inspiredand directedby one ofthe NACA's outstandingaerodynamicists,Eastman jacobs.

The Army had - " ' ....u..ceremomous_y canceled tins project the previous :earua'y.
TT _Before World War _:, many experts throughout the world sha.ea theassumption that better

aircr_t engines would resultfrom smog.:improvements of _, of ""' t._ecomponents the pistonor

reciprocating engine. Because the aircraft _ "-" ' _^_" _,,.ng_,e was an aaap_=ao.., of the automobile engine,

radica I innovations were expected to appear first in the automobile engine. Roy Fedden, then an

engineer for the Bristol Aeroplane Company,. w,o_-_'_ in an a_icie ironically. ;'÷_,ec," "Next Decade's

Aero ,,ngmes Will Be Advanced But Not Radical," published m the Transac_ons of the Socie_; of

Automo_ve Engineers m 1933: "i--do not anticipate any radical changes in the t_e of four-cycle

internal-combustion engine as used today... When the present form of gasoline engine is

superceded by a radically ,_:_:...... ;_ " aeve_o._ment will most. ,_ ....... _ power u._._, _t seems logical that this ' ' .
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'I
probao.y be accepted first m the

automotive fieldbefore itis introduced

into aircraft''sFedden's predictionwas

wide of the mark, for it was precisely
7 -_:_ t • I ,

Vvhi_de s maepen_ence from the

automotive background of traditional

power plant expertsthaienabled him to

seek a new engLne uniquely suited for

:light.

In !940 the sections within

_ang_eys Power PlantsDivision:efle,.,e,_

the conventional,; ,,+_.,ncreme._,a_approach to

the reciprocating engine. Unconventional

power plants, radically new means of air-

craft propulsion, had no place in the

research of the division. Typical of the

evolutionary rather than revolutionary,

approach to -_"_ .e:.on_e deve!oDment during

the 1930s was the study of the fin

oeome_ry necessary to cool _,m_ _c_,a-

cylinders. NACA research suggested

...emoas improve the baffles and

cylindershrouds to directairaround the

Arno!d appointed Colonel Edwfn R. :Page to be the Arrny's
iiaison with the iaboratory fn 1943 because of his expertise
_n turbosupercharger deve_.opment.

cylinder for better cooling. One of the impo_ant reports issued by the NACA in 1939 concerned

a method for predicting how much engine temperatures would fluctuate as the ambient air

temperature changed. Cylinders from seven engine types were compared to establish this predic-
tion method9

The architects of the turbojet revolution, however, did not inherit the evolutionary approach

of automotive engineers. Whittle and Hans von Ohain {who developed a turbojet independently

in Germany) were ableto lookataircraftpropulsionwith a freshnesslackingamong the engine

experts in Europe and the United States. The positive qualities of flying the gas turbine made up

for the deficiencies obse.wed in stationary industrial turbines. Whittle wrote: "There seemed to
be a curious* " ' _

_e_ae._cytotake_;*forgranted_',na__the low efficienciesof turbinesand compressors

commonly citedwere _ew_ao:e.Idid not snaretheprevalentpessimism becauseIwas convinced

thaibigimprovements intheseefficiencieswere possible,and,intheapplicationofjetpropulsion

al.c_a_,i realizedthatthere were ce_am mvouraole factorsnot present in other applica-

_o,_s. _ne first :_" _. * singled _e.... e,a._.es at men ' "" 'pose.ave ...._ac_o_ _a_ ne out was that low ._ .-_, - ._-,,- ' " : mh_uaes

actuallymace the engine more efnc_em. More energy was availableto Dower the "_ :'

• " " + "¢¢h_ _' " ' " hSecond, Wh_ttie ,houo.._ _ne forward speed of the aircraft created a ram effect, wmc.. increased

the efficiency of the compressor; third, only- a portion of the energy released into the turbine had

to be used to drive the compressor-the rest could be used for propulsive thrust. These were the

criteria of an engineer-test pilot...Although Whittle also had a strong background in aerodynamics,

it did not play a significant rolein his early thinking.

jet propulsion was not a new idea when Frank Whittle and Hans yon Ohain took up the gas

turbine problem. :_ Every ai_Iane, in fact, is propelled by a stream of air. The forward motion of

,-._:._ %_%_ m_ _. ,_.

AND .... "-
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any body throughthe airdepends on Newton's dnirdlaw:forevery actionthereisan equal and

opposite reaction. In airplanes powered by a reciprocating engine, the propeller creates a jet of

air that rushes backward to drive the aircraft forward. In a jet engine, however, the air is fumneIed

intothe engine,compressed,and heated.The airstream has reached a high velocityby the time

it is ducted out the back end. Jet propulsion devices were conceived as early as c• 150 B.C. when

Hero of Alexandria designed an aeolipile that produced jets of hot steam to rotate a spherical ball.

In the late18thcenturya BNtishinventorpatentedthe firstgas turbinedesign,and by the early

20th centmw, through the innova/ons of CharlesParsons and others,industrialsteam turbines
T "" ,_ . rltNwere m generai use for power generation. However, untli .:he early _9ous few dreamed that the

• " ' :; _ tOheavy ttzrbinesthen inmdustna use could be made _:gh_enough be fiown.Between the con-

ceptof a gas turbineand a successfulaircraftengineliesthe pittedterrainof development.

Successfuldevelopmentinvolvesa combinationoftechmca!ingenui,Nand determinationon

the partof the inventor•A lesstangiblefactor,the roleof scientifictheory,in invention,ismore

difficultto determine.:2In the case ofthe turbojet,the theoreticalunderstandingof the science

of fluidmechanics was farahead of _e abilitytodesignpracticalmachines.Although American

and German theoristshad directedattentionto an understandingof the aerodynamics of both

axialand centrifugalsuperchargersfor aircraft,there islittleevidence thatthisunderstanding

playeda directrolein the development of the turbojet.

When Whi_ie began toconsiderthe ideaof usinga gas turbinetopropelan ai_iane about

1928 to 1929,many enginee_dngexpels had alreadyconcludedthat:.e+._roDuisionhad no future.

The reportpreparedatthe NationalBureau of Standardsby Edgar BucMngham atthe requestof

the engineering division of the U.S. Air Se_ice in 1923 was _icaI of generally ccep_e_ o_inion.

Buckingham's repo_ concluded that at the highest speeds fwhich, at the ÷',_a,.,ewere not more than"

250 miles per" ' 'nour_ a jet engine would consume five times the amount of fuei of a conventional

en_ne-propellercombination.He _ought thatitsweight and complexitywould make flyingim-

i:x)ssible.BucMngham reco_,_ended againstany fu_her researchon jetpropulsion,conceding

o_y thatifthrustaugmenters could be made workable,theremight be some futureforajetpro-

pulsiondeviceas a p_me mover._s

This suggestion may have encouraged Eastman _acobs to take up the problem of thrust

augmenters in 1926.Although thiswork had no practicalapplicationat the time, "thisstudy

stirred.._;__acobsthe beginningsof a stronginterestin high-speed_erod_nam_cs.^, : ,,14As earlyas

1935,atthe FifthVoltaCongress inRome, Italy,the world'sleadingaerodynawicistsgave serious

consideration :^_ _'_ first time to the theoretical feasibility _ " _o: fllg_,,_at speeds at or faster _ -"•v. _ _n_._the

speed of sound.A German aerodynamicist,Adolf Busemann, suggestedinhisVoltapaper thata

sweptback wing could solvesome ofthe compressibilityproblems thataircraftwould encounter

at extremelyhigh speeds._sHowever, in the 1930s aerodynamicistsand propulsionexpeRs did

not see how _'-";_:,e,r fields complementea each other. Although theoretically it seemed possible to

fly faster than the speed of sound, a propeller-driven aircraft could never reach the necessary

speeds. The engine manufacturers were oblivious to the implications of the high-speed con-

ference. According to yon Ohain, "it should have scared the helI out of them.., because daat

h ' . Oarne.. _ That woulds,.owea _at the airplane, sooner or later, could easily break the supersonic" " _"_ _

render _e piston engine obsolete.

However, contrary to Edward W. Constant's thesis in The Origins of the Turbojet Revoluffon,
,L • * I

WhiRle and yon Ohain revoluaomzea aircraft propulsion, not because of a knowledge of

aerodynamics superior to that of American engineers, but through their insight that d_e
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combination of compressor and turbLne was uniq_eI),, sufted as a power/.ant for flight. :7 Although

the potential probiem of compressibility as propeil.'er tip speeds neared the speed of sound should

have influenced Whir*de and von Ohain, there is little evidence thai this relatively unstudied

phenomenon in the 1930s was a factor in their decision to look for a radically new type of power

p,a-._ for alr,._a: _. Rather, it appears that both were drawn to the turbojet oecause of its simplicity
and " '

polenaa_ as a power ._Iant s_ecialiy, adapted, to aircraft. It was their meepe_,aence"" " ' from the

automotive.aircraft engineering tradition thai enabled them to think outside the paths of accepted

_ractice. When they began their work, the aircraft - :P _"- .ec,_,rocaa,g engine had become a mind-

boggling example of mechanical complexity. To aZain higher speeds, designers added cylinders to

increase power. To compensate for the decreased density of the air at higher altitudes that reduced

power, they added superchargers. With added cylinders and superchargers, cooling became a

problem solved by the addition of yet another component, the intercooier. In contrast to the dif-

ficult to maintain array of components a_.a subcomponents, the turbojet of."e_e,, the possibility of

a L,,ht-welo,_ engine . extraordinary simplicit 5 The engine, as conceived by Wmt.:e and yon

Ohain, potentially could perform better at the higher aidtudes that caused problems for the

reciprocating engine, and its efficiency was likely to increase with speed.

Like WhiRle, yon Ohain sta.._ed with the idea that flight required a oower ._Iant speciaiiy

adapted to motion through the air. His enthusiasm stemmed from the insigF2 that an engine that

oumed continuously was "inherently more powerful, smoother, _:ghter and more compaom-e

with the aero-ven-c_e..... than the cmmsy' four-stroke cycle of a piston engLne. His nrs_'"" idea was to
"accomplish this process :*" _ " " •w,_nou, employing moving macnmerv by bringing the mfiowing fresh
air in ":...... "-,c, " k;-d o.-" 'ct-.ec_ comac_ with the ,.xpan&-.o comoustlon gas, a ..... ram jet. zs However, ae soon

#t-. . 4,

realized that in order to get an emc-em engine ne needed to separate the two phases of compres-

sion and expansion. He finally arrived at a turbojet configuration similar to that of Whittle, whose

1930 patent he did not discover until after the development of his own design. :9 Von Ohain's

engine powered the first flight of a turbojet plane in August !939 from the Marienehe Airfieid in

Germany.

Although the turbojet created a revolution in aircraft propulsion, it was not as radical a

break with the techno!ogv of the - --; _" " " ' -.e,.,procaang engme as the word .... +,. _evo,...o_,might imply.The

technolo_,of thesupercharger,a component added tothe reciprocatingengine,providedthe con-

iinuitybetween the oid technologT and the new, The superchargerwas, in fact,a compressor.

However, in the turbojet, the compressor took its _'Io"*" 4, _v ,_,-,- as an i_r.sic part of 3:,, engine system.
For the : 4,mvemo_s, the choice ofthecompressor was _..:g:...._*o_._:,-_-_, and it >,'as not by ch_ce that ,,o_'_,h

Whittle and von Ohain chose a centrifugal compressor: the ce ..... fuo_ , ._ _..-_,,--..,.a..q • or^7 supe.cha-o,., was :n com-

mon use in conventional engines, in contrast, axiaI superchargers were extremely ",_ '"a,.manmng ex-

perimental devices. Both von Ohain and Whittle knew- tlnat the centrifugal compressor was a
a. 4. taO,(_ _ . _ ,, ."brute force device" and _ha_ :' " '" •eventuaay tnev wou_a o_ axaa-, aut they sta_ed with t_e cen-

a. ",.: ]

_n:uga_ compressor because ;* ......,_ was shmpier to amic/. 2° In t_e same year t_at von Ohain

demonstrated the ¢_easm_.,y_4,-of the `_u_.,oJe,,'>,;+ concept, .&nselm Franz, Germany's expe_ on super-
chargers, designed the first _ -_ " * --;'_.,u,_,o_e_ w._-. an axial-flow compressor.

INDEPENDENT AMERICAN EFFORTS TO DEVELOP A TURBOJET

Sir Hem T Tizard. science aavIsor"" to the British M,ms_y;" "_* of A,,c.a_;__ "_ Production, " :_• vzs,_ed the

Umted S,a_es in September ,94.0. Although it iS we_i :<nown that Tizard informed his American

allies of British technical advances in radar and opened discussions concerning British
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cooperation in the _eve_opmem of atomic energy, Tizard also brought with mm the first news of

the British developments in the new field of jet propulsion. Tizard met with both Vmnnevar Bush

and George Lewis, but he revealed very, ii_le except the seriousness of British efforts in jet propul-

sion. Bush later recalled: "The interesting parts of the subject, namely the explicit way in which

the investigation was being carried out, were apparently not known to Tizard, and at least he did

not give me any indication that he knew such details. ''2_

In February, General Arnold became aware of new and unforeseen developments in aircraft

propulsion from German intelligence sources. At first Arnold appears to have identified jet pro-

pulsion with rocket-assisted take-off, and he encouraged He se_ing up within the NACA of a sub-

commi_ee on auxilia_- jet propulsion. However, on Februa_ 25, 1941, after hearing reports of

European developments of jet-assisted take-off and, more ominous, as a primaD- source of power,

engine research took on new urgency. He asked Vannevar Bush, then Chairman of both the

National Defense Research Comaniaee (NDRC} and the NACA, to form a jet propulsion committee

with a much wider mandate. He was concerned that the Germans' experimental use of rockets

to assist take-off would make existing fighter planes obsolete. Arnold considered the Army-

supposed work at the California Institute of Technoio_- inadequate. He did not expect this group,

ied by the _rrepress:b_e Frank MalLna and aav.sea by aerodynamicist Theodore yon Karman, to

yield "practical results" in the near future. Arnold stressed the urgency of giving the problem to

a "large group of able scientists. ''z2

In his response to General Arnold, Bush firmly disabused him of any wishful thinking that

jet propulsion research should be undertaken by the NDRC rather than the NACA. He pointed out

that, while rockets as weapon_ could le_timately come under the purview of the NDRC, aircraft

propulsion was the province of the NACA, an organization he greatly admired and may have used

as his model when the county- called upon him to mobilize science. 23 He acknowledged that the

welI-Known physicist from the California institute of Techno!o_, Riclnard C. Tolman, was in-

vestigating " ';- " ,_" ,ce_a.., aspects of rocket propuls_o., but he anticipated that the researca in jet pro-

pulsion would be long and expensive. He did not thL"& that it was "proper for NDRC to devote

its funds to aircraft propulsion _ " " _.,,-,,_,,_.,_ " *" o;p_oolems, Bush *_=-=;_,_,_ recommended the _ormaaon _ a

special committee <-,.at would act independently but under the general umbrella of the NACA
Power Plants Committee. 24

Before deciding on the composition of the co_'m_ittee and a suitable chair, Bush consulted

with Rear Admiral Join H. Towers, Chief of the Bureau of Aeronautics. Towers agreed -;÷'-, 'W .... BusP_

that the committee should be composed of '_persomnei ot'_er than those who deal with conven-

tional power plants" and focused on high-!eveI scientists. Fe looked on Hugh L. D_den of the

Bureau of Standards as "particularly suitable for such a conmmittee, where practicability should
be combined with tlneoretical considerations. '''-s

After canvasing several prominent members of the aeronautical ,.o...m_m,y,"",- "" ".... Bush sezectee
Stanford r ..... , • ,.; ,._mvers:_ s eme_dtus professor, William F.eee.,c_ Durand, still vigorous at the age of

82, to head the new committee. Durand was a man of intellect and professional integri_, "caLm

tolerance and the driving power of a will to work, ''26 Durand had served as Chairman of the

NACA from 1917 to 19i8. He had made his reputation in the field of aeronautics through a

systematic presentation of prope!ier performance data (with Everett Parker Lesleyl, a standard

reference work relied on by early aircraft designers. Durand's reputation as a scientist was

enhanced through his rote as editor of a definitive mu!tivoiume work on aerodynamics in _.e

i930s, in urging Durand to assume leadership of the committee, Bush wrote: "The ma_er is of
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such importance, however, and so

definitely requires mature and indepen-

dent judgment of a high order, that I

believe it is wo_hy of your attention as

chairman, no roarer how much you might

be relieved on the details of the work."

The scope and the authority of this new

committee was to be extremely wide.

Bush wrote _at after cons_tation with

Arnold, they agreed that if the committee

concluded that "fuE."-scaie expe,'_nenta-

tion was in order," they would find

"several million dollars" to fund it. 2_

The new Special Committee had a

broad responsibilityto investigateall

aspects of jet propulsion. Even members

of the NACA would be asked to serve only

in an ex officiocapacity:"The backbone

of the committee should be men of in-

dependent background and with them

should be joined men of special

capabilities in the process of evalua-

tion. ''2s Pratt & Whitney, "_Mght AeronauticaI, and Allison, the major manufacturers of piston

engines, were deliberately excluded from pa_icipation on the committee, despite the interest that

each company had shown in earIy jet propulsion schemes. For example, Pratt & Whitney had sup-

ported the development of a design by Andrew Kaiitinsky of the Massachuse_s Ins_uu,e"_'* o.-"

Technology and by December 1941 had learned of the successful flight of WhiRie's engine from

a friend of the piIot "who flew the Bn_s_, straight propulsion ,_o,-_-;,_,_"2_ Wright Aeronautical

may have learned of the Whittle engine during Tizard's visit a_d attempted in !941 to negotiate

for the Ame_can license from Whi_ie's Company, Power Jets, Ltd.

Representation by Lndust_- was 1trotted to three manufacturers, aii with prior experience

not with aircraft enghnes, but in indus_.dai steam turbine design: Allis-Cha!mers, WestLnghouse,

and the General Electric Steam Turbine Division at Schenectady, N.Y. The rationai'e for exciuding

the engine companies from membership on the committee was not that they were too over-
burdened with war-related work, because the steam turbine "-' ,,_ ....•_an_,,act,._e,s were hn the same

situation. What Bush seems to have meant by the euphemism, "specia capabilities ix the process

of evaluation," was that the engine compames, with a vested interest in maintaining the status

quo, should not be included. Bush Knew that engineers who worked with steam turbines had ex-

perience with the aerodynamics of compressors and turbines. In addition to these manufacturers

and representatives of _ae n'2.1ita_, Bush recommended three scientists: Professor C. Pal.chard

Soderberg of the Massachusetts Institute of Technoio_, an authority on turbines who shouldered

the duties of v_ce<hairman; A.G. Christie of The Johns Hopkins University, and Hugh D_den.

The deliberate omission of the aircraft engine manufacturers may have led the committee to

mnderes±mate what a demanding mnde_aking it would be to develop a new aircraft engine. More

:: .'.:.y,:. ::a:,_ ,,,_;_'_
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important, the selection of steam turbine manufacturers influenced the choice of the axial-flow

compressor wltn multiplestages,a compressor used in industrialsteam ,,_b_,_es.Ifthe engine

companies had been included,they would have been more likelytofavora designwith a cen-

trifugalcompressor because of theirexperiencewith superchargers.In hindsightitwould have

been wise toincludeat leastone designbased on the centrifugalcompressor.

By April1941 the SpecialCommittee was ready to gettowork, but the minutes show how

fartheywere from the turbojetconcept.StillsharingArnold'simpressiontlnatjetpropulsionin-

volvedrockets,the committee consideredand dismissedGoddard's rocketexperiments.By con-

sensus,the committee decidedthatthe problem ofjet-assistedtake-offwas ofgreatestimpo_ance

and "the most immediately practical." Obviously, Arnold had made information on the striking

resultsof the Californiainstituteof Technology'sjATO _et-assistedtake-off}rocketsavailableto

the group,s°

Eastman ]acobswas invitedtogivea fullreporton theprogressofthejetpropulsionproject

that the NACA had beg',_, at its laborato.'_" at Langley. No doubt Jacobs's invitation to make this

presentationtothecommittee was due in parttothe enthusiasmthatVannevar Bush had already

developed_:orthe'NACA" scheme. In_'_.elet_er_he wrote toDurand askinghim tochar'" the ,,o,.,m_-_"'_ "+

tee,he revealedthat,of the many jetpropulsionproposalsalreadysubmitted to the Army, the

Na_, and theNACA, thej'acobsprojectseemed tohold the most promise."The group atLangley

Fieldand Jacobs,inparticular,have been very.activein developingone jetpropulsionscheme in

which Ihave acquired a largeamount of interestand perhaps even enthusiasm,foritseems to

have greatpossibilitiesand Icannot findany flaw in theirarguments.''a:

7acobs'sscheme fora ducted fan,nicknamed "Take'sJeep" by his NACA colleagues,was

among severalemb_onic effortsto developa gas turbinepower plantforaircraftin the United

Statespriortothe importationofthe Whittleengine,a2Jacobsreceivedthe high-levelsupportof

.... " result of inis ....Bush and D_.,a,,c.As a prestige,the designstnazt_e indust_-,rep.ese_,,a,,_--."+;_s on the

Durand Committee laterdeveloped owed a greatdeal to preliminarystudiesmade at Langley.

jacobs was ridinga crestof prestigefor the development of NACA laminar-flowairfoils.His

re_utation as an aerodynamicist made the NACA effort more credible than other proposals.

About 1931 theItalianSecondo Ca_pini had firstconceiveda ducted-fanenginedesign,and

jacobs may have learnedofthisscheme when he a_ended the VoltaCongress in Rome in !935.

The ducted fan,a hybrid scheme consistingof a conventionalpistonengine and compressor,

lackedthe simplicityofdne turbojet.Air entereda longcylindricalnacellethrough a duct,where

,zwas compressed.The sectionofthe nacelleinback of _h,,compressor servedas a comoust_on

chamber. Fuelwas injectedintothechamber and ignited.The heatedgases,directedout theback

through a mgn-speea nozzle,produced thrustto drive_h,.engineforward.The Camp-m engine

had a two-stagecentrifugalcomp.essor;]acobsinca.ned Campini'sdesign.He chose an axialcom-

pressorwith two stages.]acobshad problems not only wi_n the compressor,but alsowith the

combustor, which failedto functionproperly,as Neve_heless,in the view of ClintonE. Brown,

who worked on theproject,the]eepwas a sound idea._acobsproved thefeasibilityofhisducted-

fan concept,s*However, compared to Whittie'sfarsimplerdesignfora turbojet,itsdevelopment

in !941 was embryonic.

In Aprili941,priortoArnold'sreturnfrom England,the Jacobs engine lookedpromising

enough towin the backingofthecountry'sgas turbineexperts.In itsearlystages,the projecthad

consistedof a "simpleprogram ofburningexperiments."itwas onlyafterDurand placedthe full

weight of the Special Committee on jet Propulsion 'ae_..n,_'__ the F"_'_oTec__ that jacobs expan_ea" ' the
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scope ofthe work from a simpleburner testrigto "more nearlya mock-up ofa proposed airplane

for o-_¢"_'_v,'--,_testing. ''ss

At the April 22 meeting, members of the Special Committee also heard summaries of British

repots on the development of axial-flow compressors, probably those of A. A. Griffith and Hayne

Constant of the Royal Aircraft Establishment, who had been working for many years, with limited

success,on axialcompressors.Their goal.was a gas turbineengine to drivethe aircraft'spro-

pellers,What the SpecialCommittee could not }unow was thatWhittlehad chosen not touse the

more complicated axial ";'_" _*" _ ,,_,_,,j_ engine.co_-,lour=no,,forhis +--'_'-';_"

By the May.8 meeting,An:o.,."_'_naa"' returnedtothe UnitedStates,and the SpecialCommittee

expectedto _e briefedon the latestdeve_op...ems.Instead,oecause of .theBritishimpositionof
a "most secret" classification on the _ •p.oject,the committee was merely asked to suggest_h..

names o_ two engineers to be '_'_*s .... to England to 'make contact" with British developments in : _je_

propulsion. Durand, betraying his mistaken belief that the new British propulsion system used the

._ expe_ :.n matters rem.:u_g toaxial compressor, suggested D.R. Shouits of General Elec,_c, "an _ ' ",_

axial-turbo compressors, which type of equipment forms the core of the British development. ''s6

At the same meeting, Lewis, sharing the same prejudice in favor of the axial-flow compressor,

referred to the the eight-stage compressor developed by Eastman Jacobs and Eugene Wasieiewski

intended primarily as a supercharger. He revealed that General Electric "was interested in

developingthiscompressortoitsfullcapacitysincethe Committee'stestshad been limitedtolow

speeds and the use of only six of d".e eight stages which had been provided." At this point, all the

signs indicated that a_n axial compressor would be a significant component of any- jet propulsion

scheme, a presumption shaped by the influence of Jacobs and the knowledge of the '_ublications
of the British aerodvnamicists, Oriffith and Constant. Future -' "'_ :. e;,g_eermg oractice would vindicate

this decision, since the axial comoressor........ did eventually prevail over the -'_-_*-;;_,_._. 37 For shod-

term wa_ime needs, however, Jacobs underestimated the axiai-compressor's recalcitrant prob-

lems. The NACA would pay dearly in terms of lowered prestige for its early commitment to axial

compressor development and its failure to recognize the derm,e advantage of the compressor-

turbine combination embodied in Whittie's turbojet.

In early June Arnold sent a brief but significant memorandum to Bush. It contained as

at,acm..e._,s a oicture of the Whittle engLne and a short " -:'_*; ," *'. c_esc=_,_,o.: ma.: had been sent by

diplomatic pouch from Lieutenant Colonel _. T. C. Moore-Brabizon of the Ministry of Aircrah Pro-

duction. Item one of the description stated: "The Whittle jet propulsion engine consists of i0 com-

bustion chambers {equivalent to the cylinders of a normal engine), an exhaust gas turbine, a

supercharger,and an exhaustjetor nozzle."ssNotablyabsentfrom the descriptionwas a key ele-

ment. Was the "supercharger" [i.e., the compressor} axial or centrifugal?

By the end of the month, Arnold appears to have recognized the possible superiori_ of the

compressor-comous,or-turbme m" ",_ +:_ to .co_._DI,m,_o,- the nyor',¢ Diston engme-compressor-combustor

combination of Jacobs's conception, in a letter dated 25 June i94!, Arnold wrote to Bush, con-

cerning theJacobs project: "As regards the 'Jacobs' engine, the Air Corps will stand ready to assist

this project to the maxhmum extent possible; however, further conferences with N.A.C.A. person-

nel and further investigation of the project as a whole hndicate that this development is far from

ready for a test installation." Speaking in the context of his personal knowledge of the British suc-

cess with the Whittle engine, Arnold urged the Special Committee to consider not only jet-assisted

take-off, but also jet engines as "p,dmary sources of power. ''s9
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The NACA eight-stage axial-flow compressor designed by Eastman facobs and Eugene WasieZewshi.

In June Durand informed the committee of the Whittle project, but only in general terms

because of _e classification of the project. The inquiries of Wright Aeronautical to obtain the

license to the Whitde engine from Power Jets, Ltd., however, caused a brief "" ' *"_plomadc fiur_,

since ,_;"created the impression that the Bri_sh-Ame_can agreement on the "' " :_,_nlttxe was common

knowledge. As a memorandum from Bush to Arnold indicated, they had been extremely careful
about what had been communicated:

I have checked with Dr. Durand finis morning. Neither he nor I have communicated

any of the explicit [sic] information regarding the Whittle engine to any individual. Dr.

Durand in pa_icuIar tells me that when his Jet Propulsion Committee met he told

_aem only that _e But.s:. naa a develooment along jet propulsion lines without dv,h_.__

them any explicit [sic] infonma_on. In fact, he did not have this information at the

lime hkmself.., i am quite sure that explicit information placed in the hands of Dr.

Durand and myself has not gone elsewhere. _

it now began to dawn on Bush _at deveIopment of the Whittle engine was far ahead of the

NACA project, in July he wrote to Arnold: "It becomes evident that the Whittle engine is a

satisfacto_ development and that it is approaching production, ahhough we yet do not know just
how _" _ *

sa_s_c,oryitis.Ce_ai_Jy i.-"itisnow insuch statethattheBitishplanscallforlargeproduc-

tioninfivemonths, itisexiraordmariiyadvanced mud no time shouldbe loston thema_er 7'Bush

recommended _at arrangements for production of the British engine in the United States should

be expedited by d,_e seiec_on of a suitable company. He suggested either A.R. Stevenson of

General Elec_c or R.G. Ail.".enof Allis-Chalmers, both of whom had representatives on Durand's

Special Comn'JRee. The choice woNd depend on which company they selected to develop the

Whittle. The comn,J_ee as a whole, Bush reminded him, "on account of British wishes," could not

be privy to full information about the V_q_i_le engine. Bush now qualified his support for the

Jacobs project. If the Whittle engine was as advanced as it appeared, it dese_wed to be e_edited,

regardless of the promise of the Jacobs project over the Iong term:
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T am inclined to believe personally that in the _ *'_. run- _o._ the ]acobs development will

prove to be equally or more _.,._...... _,_. is certainly _- -,, _:.:*_'

aeve_op-nem is much _u-+_ "__-._ '.... ,,.. a.,x.,.ceG. If it is really se,w:,ceable, and if it will really

_roduce. a relatively inexpensive power ._,la*,_for pursuit c.aL w._cn_"' can be rapidly

put rote _nroduction, ! feel that no hme snoma be ios_ in expea_ting the ma,_e_.÷*_ _"

By*' ' ^_- : .....july ._,om nan se:ectea General Electric to cony_ the tv,_;-_,,._._.,_engine. D. Roy Shoults,
then in m_>..._ to _n.. British use of General ' " ' * ' 'E_ectnc s ,uroosupercnarger, became_..o_a-- oversee +'
Genera] " ' " ' _,.n,ese..a._,e,. . assisted by, A-_rea_, _.r Lyon,. the A,-,_y's technical liaison off'reef-

in Great Bri.tain. In August " ' ' r_'o_,_F_ ',," ._ _,, . -,,..olonei Donald Keirn, the engineer from %-_5 .... e,a \_,.o _,mug._
_ne news to _ne Cleveland ........ ,_.,•aoo.a_o_y two years later, took off for England to ormg back the _._'.,:-

"" ' ";'"_ he was full)- informed of all the _e+tle engine. Later Keirn joined the Spe,.m_ Committee so _._

propulsion _ " "* " raGS< secret" V_,_,;_e .- " ,-+ " ,'. . p,o_e,,_s, e,oth the " _ ":_*" _ro]e,,_ and t_e "secret" projects of .:he
Special Co ......... ee.

%'.;ie Bush ann D_,.a.. steadfastly supnorted t>.e NACA - _ " "• . p, o3ect, from .:ne t_me of his _ _,_
to gr_W,'_._ ;.- A_ril, Arnold had become a believer in "' of"-"o ....... : . ..,. future ,:he ' ;' :_""_ _,'_m_,e engine. His _e_,e._" -

to Colonel Lyon, 2 October i.'941, reveals the first discussions of a possible future Army effort to
_r,.emp_ the _'* orooulsion _.... '_,.,. . _e_a ana thereby end the NACA hegemony over basic _ " '_ ,'*',- :ae.o..a,_,l,.a_

research. :'4owever, ","_w._:. characteristic - : * " " _ _" :"rests&m, ne re_useu to commit ,.;mse_r on this issue•

"' , .,,oje, as a possible answer to the problem of obtaining '.._'_,_ -Clea._v, he saw the +u_>, ; + , for• .,ls,.e, speeds

nursuit aircraft,, but he stopped short o{.p,ea,c..:g-': "" *:^_.,at+_,,.ep_s_o,.:* -_ engine" would be obsolete :n" ten

vents. The; " ..... ".,_' of " of o _, ;e,,_. reveals A_,m,_, s - ",*as,_,_e assessment the nossibie _awning a new era _÷

I was told in England in Anr;i that in ten ,,'ears ,he.e " ",_ '_v0o_,_dn _ be any more

DODDer valves Or, as a "_ *+ _,.,a.e_ of fact, any type of gas " " _ -:- .. .. _s_o., i engine as we now have
m p_.s_:_ airplanes, and _" *'_ - of_,.o..e_ five years would see the ena that type of engine

... _ types of a_rcratt i must admit that I was not as enmuslas,uc about such a pro-
oosition as the ', _o - ,ac_oca_,.s in _.",_',a."d were. In my. 30 years, m avmtion i ._a'_ ve seen too

" "_ °* :" :e_o_,o...zeevery.:nlngmany of t_.ese mmgs come up ,:nat are going to ,.o.,iA,._e_y ...... : ._: " "

and do away "*' ^:"_:_n _ heretofore existing forms of : _ ..+" ,- : _;a,rcra,4 so while I am e,,,n,_sms,,c,
am not SUDer-'_ +_',¢:-'_¢_':,-

! do not "_,e,_e__" ,e t;_a'.._ we are ready, at this t_me" to start a development .-_,c_,-,-._...o.....

_e,.c_. o towaras the - '_'" *: " of ,., _., p.op,,,s,o._ _-_,_ _'.... o .... On _,.. sa_e scale as we

now have for the conventional type of gas engine. [ am of the "-,: -"non,m,,, however, that
"" toit wm be -_" _ m,, 4,000 to - '_".._,c,. easier reach _" ,_ o,,.uO _, ,:*_ *' ; •,orsepower propulsion

and gas .... ":"_" "_'_ it will be .;.x • ,-. •.w._. the conventional tree of engine, nverytmng points

"n_ ';_ ": "_ The_ '" " , "..... _ a,_ec_m,.. ,urn-he has everythingto :tsadvantage."¢2

Although not privy to the _, _, '_-:**_ " " •_u_ %_,_,_e s+ow the Durand ._.;._:co..,, ..... ee _aa enougi l lnf"_','_ _:^_"

• r_;_ " tO " _ " ' Of ' " "on the _¢_;,_,:_,eengine see the .unbent:a: the compressor-turbine comoma,,o,,."+, - The committee

set up a Special Compressor-Turbine Panel chaired by R. C. Allen, manager of the Allis-Chaimers

• ...... ma: Jacobs ana his _ _'_ ,n.o..._eaS_ea,..Tu, bln,, Depa_ment. it should be noted _' ' " _e_,., were obviously : _ -_. '

of the" "_ :. : _ oCthe. . " " . " ,',.o,.c_us_o..... oanel, but nersisted m the-r belief ,:nat the hybrid scheme woum work.

A_ _* _tothe "" , .....,e_,e. panel from _enrv Reid, Engineer-in-Charge at Langley, mc_catea that "iet nro,oui-
SiOn can o,._er be *.... '¢_accomDils_.ea at "_s _'_+ "'_'. _,...... w:_n the use of _neconventionalengine; _ Reid con-
ceded *" o

d,._ a more radical annroach_ to aircraft propulsion might ,,.p_'vo:_,._._, m" the long run.
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Although they had at lasthitupon the compressor-turbine '" _" .combination, the Da/'.elcon-

sideredonly the axial-flowcompressor.Whether the simplercentrifugalcompressor was con-

sideredatallisdifficulttodetermine,sinceailthe minutes forthe compressor*turbinepanel have

not been found.The axialcompressor,because of itssmallerfrontalarea and higherpotentia1

pressureratio,lookedmore promisingon paper.However, iftheaxialcompressor was lighterand

more compact, itdemanded a knowledge ofaerodynamics.The complex movement of airacross

the bladesof severalstagesF" "_* ' _ne com-_,,ese,._eaa challengeto the designer•The fabricationof *'

piicatedcompressorwas a " ;'_ " ' 'mg_,,,^are.Vibrationscreateathe aangerthaicompressor blades,'_,_

flyoffin aildirections.The simplersolutionfound by Whittleand yon Ohain-the centrifugal

compressor-eluded the steam turbineexpertson the committee.

._e same month that the compressor panel was formed, representatives of Allis-Chalmers

v,s_e_,mangier."Theirparticular;-_ _ + ...., ,_,_e,es, was the axial-flow compressor, wmcn has oeen con-

structed at Langley Field," George Lewis -- ',_ _ ' 'wm_,, to Durand. Lew's ,evealec.thatthe resultsof a

jo1,_investigationwith General Electricwould be made available.This was obviouslya reference

' _;_ _ + _ " ' " mr,,e of the companiesto the ,.,oh_-s,age axial-flow compressor of Jacobs and _as:elewsh. All _" _,

selected axial-flow compressors, but t_.ev decided not to a_,emp_ as many stages. _ ALhoug;..:he

NACA directly influenced the axial compressors in the General Electric and Ailis-Chalmers

designs, Lnfiuence on &,. V_'estmgnouse turbojet '.s less clear. The Westinghouse design team may

have decided to use a Brown*Bovefi compressor as its model, in any- case, the company was

familiar with the axial configuration '_- _ " " •.... oug;. experience with axial compressors m Navy surface
vessels. _s

When the Durand Committee met at Langley Fieid in September, they recommended that

jacobs aegin design studies to explore ,._e most suitable means for applying this system of jet

propulsion to actual aircraft." They also decided that the preliminary studies of the companies

could be made intoactualproposalsforsubmissionto the Army or Navy,._6The Navy approved

designsfora turbojetby Westinghouse and fora typeof ductedfan by Ailis-Chalmers.The Army

agreed to support General Eiectric's proposal for a turboprop.

Up tothe timeof the submissionofthe proposals,_'m,, committee had allowed cons,aeraoie;' ' '

cooperationand exchange ofinformationamong the threecompanies,and the NACA was a clear*

inghouse for information.After the September meeting each company began to work in-

dependently,and althoughthe u_er " - -_ of '.. ma_.aoeme,_ each company represented on the Special

Committee was aware of the parallel development of General Eiectric's Whittle turbojet, the

designteams actuallyworking on the respectiveprojectswere keptin the dark.Moreover, they

were not allowed to exchange information w.:"_,,designers _:--'.-,_ " "_, wo_,_ on the other pr_ects soonsored
by the Snecial Committee "'_ ;_ ' .-, ,- : " : "_,.i:_ Durana wrote to Ge_.e,a, O. _ Ecno_s for .... _ -". _. pe ..... ss_o_ for _.ea_e.....

cooperation.In recallingthe "helpfulattitude._;nc, ,' ' ,_e_cn_,,oe, , -_o....._ mu.:ua_conferenceand ;-'+- '_-_ of
data and "" .......suggesaons that _ne companies na_ e_oyed prior to the awarding of specific design
contracts, he urged that it be allowed to commue."

While the members of the Special Committee knew about the "Whittle matter," as did select-

ed mgh-:eve._ individuals at General Mectnc, Arnold wou._d not allow the " ;**" "Wm,_e engine to be
tested at Langley Field because o ¢ the " "_..... _ _". _no.sn raGS.: see.e_ classification. Neve_heless, Oliver P.
Echots, Chief of the " _; _ ",' _ -._ "Ma,e, ,a, Division, was aware of lhe deve.op_,e,,, problems that the West Lynn

team was encountemng and urged Arnold to:_"_,._General glectr:c send the w_+'..,_,,,.,,,,. engine for _,es+_-_....

in NACA wind tunnels. In a memorandum addressed to General Arnold, 13 November 1941, he

wrote: "As we get deeper into the Bell XP-59A and GE Type i Supercharger Projects, we find that
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in order to exploit the fullest possibilities o( this engine-airplane combination.. :*

_,es_.ao`:e that we initiate wind tunnel studies as soon as possibIe... _cnols suggested ;'" o- *_,
•C ,

I6-foot tunnel at Moffe_ Field lAmes) or the 19-foot pressure tunnel at LangIey. Noted in large Iet-
ters on the memo was "Decision is NO!" with the aooended note: Genera_ Ecno_s advised " _*

he had discussed this mat_e_"- with Gem A, this date, and that Gem A did not wish to tunnel test

'^ " of_he'secrecy' _ :_* _, "at N_.CA m view _ o, _roj,.c_. Taererore it wiiI be necessa_ to proceed "+a ,.,Wa,,..O,a, tu_-

nei tests planning on testing for 2nd attack if _'_ _m s_ attempt is a 'bust'."_s

If the committee had encouraged at least one American design based on the centrifugal

compressor, more rapid progress would have been apparent. Kept in the dark, those making the
' ,_ that of "Lnitial decisions did not :<..ow part the success of the Whittte engine depended on its sim-

ple ce .... ff%a_ compressor. Progress on a_ four of the projects of Durand's SpeciaI Committee

was slow. in june i942, Vannevar Bush raised ' " *aoue_s about the wisdom of exclusive reliance on

the axial compressor. Referring to "the secret development being carried on by the General

Electric Company on com._ressors_ .;o:_ use in j,.,_+_ropulsio_,"-he wanted to know w;.e_',^-.__.c_ the

special panel that "had previously provided for the interchange of information on compressor

deslg,, should be reconvenea. Durand responded that A. R. S_evenso_., Jr., Genera.: Eiectric's

,ep, ese,._ve on &e committee "_ae expressed the view that the time had passea for such an

interchange of views. ''_ in November Stevenson reassured the committee that, although it was
behind schedule, their "troubles" were routine. These ..... " " ,_.:,- "_.oueles were ,...ecdy related to the
comoressor: "We are becoming quite worried about v" _':_ o.-" "mra_m,., the blades on me axial-flow corn-

,o-_esso,.-'''He reposed that _he._ experimental four-stage compressor, like u,e one at Langley, had
lost its blades. "We believe it was due to * _:_,,a_oUe caused by pulsating a_r force. ''s° General

Eiectric's turboprop, the TG-i00/T31, reached the test stand by !943. Although a turboprop pro-

vides more efficient propulsion at modest speeds, the gearing to connect the gas turbine to the
pro._eller adds mechanical _" _ "_ "'om, ": v . the turbojet probaoly induced General,...p.em u. _ne simplicity of

Electric engineers to design the succeeding mode_, the 713-I80/j35, as a turbojet. Neve_ toeless, its

tricky axial compressor made significant progress siow. Suppo_ for the Ailis-Chaimers design for
a ducted fan with double paths of cooi and ' " air " " ' "no_ was dropped by the Navy :n 19_3, when .:he

company oeta,.nea the license to build a British nav_-ana-Ha_fore ]e_ propulsion un:t.

Cen,_,_ga _,compressor.

Of the three designs "" :"SL1Om_-

ted by the steam, turbine manufac-

turers, only &,_ Westinghouse 19B

_uroo_,_ actually reache_ x_gh__':"

*_+;."_,before the e."dof World

War I!. The company proudly

called it the "Yankee" because it

was the product of American

engineering, it appears &_, R.

Kroon, head of the team that ac-

tuaily built the "Yan2ee/' did not

know of the British developments

prior to 1943. However, even in the

Westinghouse unit, a British idea

for a ring of individual combustors

around the centraI shaft of the
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engLne did find its way into the aes.=n. The "Yankee" engine had 24 comous_or a_,s. _ com-

oanv .._story relates that in Juiy :942, during the time _h=_ WestLnghouse was struggling with its

design, Stua_ Way mentioned their problems in a meem:g of a NACA combustion subcommittee.

"Tt. so hao_ened _'_,,a_*a GE man said '_na_..... the proD,rein was very, simpie--'all you have to _o was

take a tin can and punch some holes in ^:.tand you will have a combustion caam_e..'" _' ,,s_ The

story also belies *gae view that the two divisions within General Electric worked in complete
J- +_gnorance o: what the other was doing. At some point the engineers a_ Wes, r __y_,nane Schenectady

may have exchangedLnformalion,because theTG-100,theGeneral ElectricprojectatSchenectady,

alsoused mmaple combustor cans.Oiemn Warren, one of itsdesigners,calledthe ideaone of the

most Lmpo_ant aspects of British-_merican cooperation, sz

Jacobs never had the benefit of the British solution to dne combustion problem. Unaware

that turbojets had already passed their bench tests in England and Germany, Langley engineers

struggled to perfect Jacobs's hybrid scheme. _" ' _ne proo,em of achieving stable combustion m a con-

tinuousairstreamwithout creatinga flame thatwas so not _.would _'_"m,.._the metai'sidesof the

apparatus was _articulariy recalcitrant. Jacobs tried to _, * " ". _e_ the fuelto vaporizewithin a tubu,.ar

boiler. However, he co_d not c_ _ _ -oe_Ms system too_eratesatisfactorily,and ne agreedtoenlistthe

assistance of Kemper's Power Plants Division. The "burner" problem was turned over to Ben

_ OfPinkei's_ngme AnalysisSection.Durand +_ _:s_,ons_ysupported the idea ,ha_a series fueljets

shou!d be tried.Pinke!assignedKervork Nahigyan the task of redes.o_.:no the burner.Durand

noted on a v_s_to_angleyinMarch 1942 '_mat bothJacobs'sapproach and thatofthe Power Plants

D:v.s.o,. appeared promising. He encouraged the rivai_ oetween the two groups and set a

deadline for an actual demonstration to the entire commiRee for July i5. s3 The demonstration,

featuring Jacobs's solution, looked promising enough for the _ "'*co.,m_.ee to encourage the work to
be continued.

While Durand still strongly su._oorled the jacobs oroject, he realized that the NACA ..aa a

great deal at stake. As the first test flight o.-',the General.' Electric i-,4, engine neaea,_ ' he became

apprehensive. If Jake's Jeep failed, it would seriously affect *deeprestige of his commi_ee, perhaps

that of _e entire NACA. In late September, he revealed his amde_ over *_h_NACA ._roject to

George Lewis.ina ratterto Lewis from Call,ore.a,w_tten severaldays beforehe was towitness

the flight over Muroc Dry Lake, Durand .... "_._eaLewis to "feel quitefreeto takeholdofana direct

the work of Jacobs along the lines agreed upon earlier." There was not a great deal that they could

do about the projects that were ;n the hands of the private companies, but, he ,_ _o 'w.o,_, ' I have,

Sclzernatic ,;_ew of Gener_I E!ec,_c's TG.180 s'nows tke axial compressor inflzzenced _, tke NACA ez_,h,-s,czge
compressor.
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however, felt a little anxious about [acobs's work, due to the ._c_;4,";'a*_.,_ the Co"_,'-:_+e,._"is directly
interested ".', " * ,n& _c_,_r project in the sense _,; _ its success or failure will react c,,ec_,_'x-_,_. on
the reoutation of the _ _-,_:.... ' * "" "h, connection ,u.;_ • ""

Geueral E_ectnc'" I-A engines .nowered the Bell A_aco,_e.{,"_ _ {P-S9A} into the" sky several davs lares.''

_'_'_'" ";>'_" e_. i_ ,ow,, it becameq es_;o,_ a:_ once t_e _,.._.e ..g ..e was successfully _ ,_,
clearer that the "' of ; ......... ,. ..... -ou.:':nes ,,;_e development would mvor the far s:moier ,.o,.,,.,,,.sso_ and tur-

bine combination over the unwieidv piston engine and fan combination of ]acobs's conception.

Durand was enthusiastic about the "soiendid results" of the tests at Muroc. He .... :" "-. xA'=O_, tO _ei,'n,

"> reallybeginsto lookas ..,o._.a definitestarthas been mane along the lineswe >.avebeen
+_;,, ,_-;,-, "..OZ _r, ,55...... _.-g about so..o.

' o." " resvm,g from entreiv differentDurand informed ,,embers _ the Special Committee that ..... - " "

catlses" a _." _;,_a " ' " ' .... . , • _ •..e ..... o nag been called "on t-_e :mtmtwe o_ Arm}; aviation' [o take mace :n

Washington, D.C., on November i3. Although no direct .,.,,..__,.,.-,,;_-_-,-owas made to tb.e"V_m:+'-',,_,e_"_oje,._,;_

there could have been no question in any" member's mind as to _.._,-_,_*Durand was ...._a.mngabout

when he wrote *_ ..... '** '; ' of the . . - ."-"..... of,.._ ,..p.ese,._a,,,es Army, Navv, :he CI,£ .... ,_... NACA, and the Chairman

of the Special Co,,,_,ee on jet Pronulsion "take a broad genera.; view, w:tq an -_÷_,-_,_ to

• _,_ * 4" ,., ,inOUr. "e_a.,-a_e its significance as a _a,._o. sresent war effo_, ann. if possible, to reach some deci-

sion as to the ex_'_,_-+.... to w;,".,-;, the subject merits :m-ned-ate""" support an_' ". ' ," .-_. _".... "*' ae_e;o_,,;em. He re-

vea_e,_ _._ a reoort on the Langley po3_c,_--:_ " would be ....._,,.ese,,,.a' at *_-_',,.,,_time. s6 _'::_us, the --_';_

tee was placedfor£he {irsttime in a sositiontojudge the relativemeritsof the two systems,

]acobs'sducted fan and %'\'nk_ies....' : ...... ;:':'+__oose_ was_,,,ooje_. Oovmusu, rne %%_.... _e *"-' : " the _,':--',_:..,,..
because :__ was at a point of '_ ",_: _ -_ r c,^,_,._,o .... e.,_ well beyond that of the NA_._. mo_,.c_.";_ _ r..,'_,,.,p, i_ was

not _" ;.£e "':+;.'_^" _" ' ' Ofc,,._, at tree, _.,,;,._e,,, the comp]exRy ann ._'e excessive .... * " ' '"*" CO*,.Oa, _SO,.\% '_*o**"

to'is" low : " .... _'_a" " " fanthrust _._ _ ,,o_,,,, not comoete with tae s'mpnc;ty, ;a.: ._..ea,._ t£e ducted ,. ,.':A ...... e,.,.,e.cv, and
low "_o:.'_ _,_,, of _...... turbojets. The ]eep, -_ " -,_, ": ........._,....e.._._ce _,_,_,e ,.eve....e.ess, p.ayec, an ;mDortantrole-n :uture

American turbojet development because it stimulated both axial-compressor research and

nioneerino work on afterburners-work that was continued _;* _ " of the_,_e, the move Power Piauts
Division to Cleveland.

nero isi'tte '_ ,'_ * ; " '_o_o_ that after the x,,,,_,_,_, ..... *;"_ of the Soeciai " .,-.-_*._ rat.................... o . _o ......... ee, as as the
_.,,;_ was co.cerne< the NACA ,,- , + dead. ,,v_,,,_:: .

,.,.bled, was .... ,_,;-ure of zhe [eep to win the co'_+".... ,.,_;,',,
.... , Or, • . ,s,o_,o,_ of .4"e Army directly "" _ ".- ar:ec_ec the research nm_ the Cieveland :o ..... Ben

P'n._e; recalled "_-* nrio, to : .,;.._.-,_ " ,. ,-,. ,,.,**_,_some Jme, . ms departure for C,ev_._,._ ...-,De,.e.,oe, !942, ne was
caiiea to ne,.rv Reid's office, "_-" -_,v, .... e Gob,be Lewis ...... ' *' ..... ""_..o._ea _n_, ozncersofthe ._:;:*_-"• _ "';'_'_'* 2 echelon"
had informed :";_. '_'_* "*'_e...... -,_, war would be fought" ":*_ ' "_:* : e,..D;.OCa_;.., o _,'_o; ..... ,-,--_,-,._... ,-:.o;,;_o ,._.a._:aa.aVunder
" """+" " " ' " " '" ,.,.o,.,..,_s..o, snoum be stopped inorder that _,! error: snouic,.,,oc,,.,o, ann ';na_ nit work on jet 2" 2": : " : ' " " ^: .......

be directed toward those reciprocating engines. ''s:

Even after the Army's decision, ]acobs continued to believe in his ducted4an design. [n
• Z m _ . .

Tanuarv -.%0, ^e_ ... ' '.";s fo__;_e, ms transfer to Cleveland, Namgyan _-#- *- . p_..ec.e_., design . a burner emslov-
ingaseriesof_ ,,;:-:,-; _: _ "" • • -' " ".,c.,.,._ ,.:_ec_;o, spray nozzles, located ,._.- "'_-.,. bell-shaped name noiders2 _ Tn-s ex-

pe-;_-,,-_ made h;_ ' head the : * Propulsion Section when Keirn : .... _+ ._ne,,a_._; cho[ce tO
je;. b.O,_5,- _

blahs .-'or be Static ..'v,_, , ....,,.s_ Laoor&ory from Generai _:_ ,_-,

l,* late _anuary, ._acobs himself ,: :* " :' _ _._...x - •"* _,_s_ed. _£e C,ev,..,.a**,.. ' ' " _ '' anG, .;..aoo_ ao,'_ accomoanied, by
Henry Reid, called on "he Army o r;:_;_¢_o...... _,__A,zgm'-"" * Field. in a _ _'_ - -.._..... :.... _ _ " " -: :*- "" . ,._c...oaa;,,.,... _A,._;,_e;_ a_._e_ t_Is V,S,_,

Reid noted the .... _" " . :e_ omn,,s,o, , .... ,, -.a.op_.e., mcx of general overview o¢ tlqe : .... _ ; " " " it .. s._,_,o., was imoossible
to comoare the various schemes to decide ,_,: _ " , ' ,v,,.,c, ones ,,',,ere " -+-,_o ..... _ of vigorous _,: . ,_-.- Ge _ e,oo.,,,.,._
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4:"

 i!iii 
A techniczan uses a micrometer to determine possibge distortion of-the turbine b!ades of Generai Eiec,_,c's L40

turbojet engine. The ring of cornbustor cans, immediately behind the turbine, was _¢'nitEe's solution to the corn.

bastion probZern,

oecause no one ma'.v-aua_. ,:+'_ of ",a .... +,he exception of Durand, was ful'y informed both the

American and British developments, s9 C'.earlv, Reid and Jacobs stii! oe_:eve_ ,,_, t_,.e NACA's

proiec.z was viable. However, the successful test dight of the General Electric I-A engines in the

Beli Airacomet .',he _revious fa!i had sealed the fate of the jacobs project. On 2.5 April 2.9a.3 the

Special Committee off, cia'.:!y resolved to dro_ "without prejudice" the project they had so

wholehea_ed'y supported. 6° As Alex Roland has cogently argued in Mode.,' Research. the NACA
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neverfullyrecoveredfrom the biow to itsprestigeDora the failureofthe UnitedStatestodevelop

aircraftjetpropulsionbeforethe Europeansfi:

Viewed inthecontextoftheabo_ive effortto develop theJeep atLangley,Arnold'sdecision
to ;_" _Le Cleveland laboratory t_e task ofass,_, solving the mechanical problems of existing piston

engines takes on new meaning. He had lost confidence in the NACA's technical leadership in the

propulsion field. The cancellation of the Jeep took the creative, experimental work on jet propul-

sion away from the NACA for the duration of the war. Arnoid chose to promote General Electric,

a company previously onIy marginai!y involved in the development of aircraft engines, to a place

on the cuttLng edge of jet propulsion development in the United States. Although the piston engine

companies bore the brunt of Arnold's wrath for the dismal engine situation, he also punished the

NACA .-'o,;" to . . .. . ,_s belated and rather ; " 'm,mma efforts prior to 1941 dove!on a jet _roeu!sion scheme.

Arnold's decision to focus on developing " _; ;c,:_exas_mg ._iston engines to f,_ the war was a oa.,a,,,-

ble. By 1944 the Germans were mass-producing a turbojet with an acxiaLfiow compressor, the

Jumo 004 for &,, Messerschmitt 262. Fortunately, H_der did no_ appreciate the *_ " " imnor-S_ a.eo_C

tanceofthe superiorspeed oftheturbojeLand productionofthe7umo 00_ came too latetomake

a differenceinthe outcome ofthewar.The Germans made onlylimiteduse ofjetaircrafttoshoot

down Alliedreconnaissanceplanesand toattackbomber missions.How closethejetenginecame

tomaking the differenceinthe war isrevealedby a remark ina memo from Arnold inMay 19_4:

"The jetpropelledairplanehas one ideaand missionin iifeand thatistogetatthebomber& and

' " ÷ " ' ' ; mUCh "ne isoc'o':n_--.,, by.our fightersso :as,thattheywi_ oareiv,see h;m. iessmrow out a sky hook

and slow him UD. ''62

When Colonel Donald Keim unveiled the plans for a Jet Propulsion Static Test Laborato_

for the Cieve!and taooratory, the Army again assigned a role in the aevelopmem of jet propulsion

to the NACA. This visit, however, clearly underscored the Army's intention to Limit this involve-

ment to the testing of engines already developed by private companies such as General Electric
and ' " '" " ' " •Wesnngnouse. ]acobs's Jeep briery gave the NACA license to develoo a jet - ÷ _. p.o,offpe.The

Cleveland laboratory would continue to fee! the repercussions of its cancellation.

By August 1943 itwas clear to the leaders of the Cleveland laboratory thatjet propulsion

would play an increasingly important role in the future. After a survey of existing facilities,

George Lewis pointed out that "when the Committee's Cleveland laboratory was laid out, no

taough_ was o,_,, to the provision of facilities for testing jet propulsion unats. ''_3 _a:s omission

revealed an astounding !ack of vision.

jacobs himself spent several months at the laboratory -'_ 194; and made such an impression

on several ctean-slnaven young, engineers that they grew beards in ,,_s_'"honor." The' _rec_se" nature

of jacobs's work in Cleveland is not clear, it appears that he continued work on his jet propulsion
i;_ .t 0., tscheme despite the Army's cance..mt;on.':" It was now ooOneo work, ,,a,_,ed"--; on w ;'_''''*,,.,.,,.,_official

sanction, " _ *' "" " _ r * "as" " 'No_m,:g was so secret," one of the technicians at the ,abo,a_ory recalled, jacoos s

jet rotor." His friend Henry Meher cut the blades for a turbojet in the machine shop. He was toid

that jacobs designed the engine from information gathered by two agents in a German Bavarian

Motor Works plant. Meher recalied that .Tacobs often came to the shop to watch his painstaking

labor, cutting the blades to conform to the so-caged German configurations. One afternoon jacobs

called Meltzer to let him know that they were going to start the unit in a test eel1. "While it was

running, we stepped over it and feit for vibrations. About a year later, we heard that another

engine had exploded, and the blades had gone off in all directions. We were lucky taking that
chance." 64
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Secret jet propulsion tests of Genera[ E]ectric's 1-16 were carried out in the Static Test ]et _opu/stion

Laborato_,, compl.eted in September 19_3.

By March 1944Lewis reportedon the "change incharacteroftheCommittee'sresearchpro-

gram" brought about by the "success of the Whittlejet-propulsionengine.''_sStaffworking

under Ke_work Nahi_an m the specialJetPropulsionStaticTestLaborato_"builtand testedthe

first a_,e,-% "_"_,un.er'_._n.October 1943, a direct result of the earlier work on the burner for ; ' 'a:-:e s 7eep.

Abe Silverstein's group adapted the Altitude Wind Tunnel to test the new jet propulsion mn_ts.

General Electric and Westinghouse sent experimental models of their engines for tests in/.=e new

tunnel. AI_hougn denied work on their own ,_xpe_mema_.__" * : eng_,e of N_CA'" design, the staff of the

Cleveland Iaborator g acquired a unique, hands on, experience Ln je_ techno!ogy. They would buitd

on this earIv experience to become the government's expels in jet propulsion Ln the early " -. _ . pos_wa.
years.
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as Minutes of Meeting -"" " "O_iur_me Panel _ : *o__e, Propulsion Committee, 25 "'" ,. j_.-y 1941, o. 2, NASA Histo_- Office.
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o .._az.v...... n.s_o_ .e.,_es ._,_t ..owa,_, O,em. V,/a..en ann Brace B,_ck,ana who worked o,. _._e_.ojec_,

were convinced by tests of an axial compressor carried out in Cleveland, "undoubtedly a reference to
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the eight-stage axial compressor, tested in Cleveland and used in the .,w-,,• =-_80, a turbojet " ;o-,_"aes,_,._a after
the 7C--Z00.See Seven Decades of Progress, p. 39. See also A. R. Stevenson to Durand, 27 November 19._2,
NACA Co......... ees and Subcomm'.dttees, National Archives, Record Group 225, i'.7.15.

zs Neville and Sfisbee, jet Propulsion Progress, p. 147. The Brown-Boveri comeressor ...._en,:o,.,_d_""_ in t_e" W.R.

New Papers, National Air and S_ace. Museum, may have been the basis for their compressor design.
See a!so tC-oon to Durand, 24 April 1944, Records of NACA Committees and Subcommittees, National
,_cNves, Record Group 225, 117.15

.,6 Minutes of the Executive CommPttee of the NACA, 2¢ October _9...., Na_:ona_ ^-_;_," ' "' " '" ' ,-_..... ,,es, Record Group 225,
BOxS.

_7 Durand to ".-,c.-,.o_s,'" 27 February. 1942, Records of NACA Co_,,m_,ees""_*: and $_,oco""""':.*+ees, N,=_,ona_'_;"
Archives, Record Group 225, i17.15.

4s "Case H.s,o_ Wm_e ,-.ngme, Historical S_uay no. 90, voi. _, document 2_, AFLC H,s,o_ Office,
V_ight-Patterson Air Force Base, DaFon, Ohio. Classmcat,.on of the r_;-'. ..... _ .... ,e project was downgraded
from "supersecret" "o "secret" in summer 1943.

.*9Minutes of fine Executive Com_mittee of the NACA, I6 june" "_9¢2,Na;_o,._:""" "_' Archives, Record Group 225,
Box 8.

so A. R. Stevenson to Durand, 27 November _.9.,2,"NACA CommPttees and S_,oco',""':.*noes, National.' Archives,
Record Group 225, I17.15.

s" For the development of the WestLnghouse "Yankee" engine, see "The History of Westinghouse in the War/'

Aviation Gas Turbine Division, Engineering Depa._ment, Westinghouse, in the V_[R. New Papers,
Special Col'ections of Air and Space Museum., Washington, D.C., _. 20. Charles Edward Chapel, ed.,

Aircm_ Po'_er ?'zants ed, iNew York: McGraw-Hill, 1948}, p. 353-363. See also Neville and Srisbee, fen
Propu_.sion Progress, .o. _40-o0, John Foster, _r.,: Des.on Anaivsis, of Westinghouse 19-B "_urooje,.'" '"
Avia.%r,, Janua_" 1946, p. 50-68; Robert B. Meyer, jr. "Classic Turbine Engines," in Qzsting Abou_
_Hown.et _ ' ". :urome Components Corp. magazme, 1985i, p. 12-15.

51 Nevi_e and Silsbee, Se'_en Decades of Progress, p. 55. Arnold aut,or,zec;" ' discussion "of the Wm,,le'"'" matter"

with Glenn Warren, one of G.E.'s designers at Schenectady. Arno!d to D. R. Shoults, 27 August 1941,
reproduced in Se,;en Decades of Progress, p. 45.

53 Durand's "Notes on Visit to '_.,anNeyc,'Field," 31 March !942, and M';_'"*es of ,Executive Committee of
NACA, 16 June i9¢2, National. Archives, Record Grouo 255, Box 8; Ben Okqk,_: to -',+_,_,- 26
October 1984.

s.* Durand to Lewis, 29 September i9_.2, National. Archives, Group Record 255, 1!7.15.

_ Durand to S_,.ve,,so..,:"._ ,- 16 October !942; Durand to "Kern," 29 October i942, Nation/ Archives, Record
Group 255, 117.15. Hansen discusses the "_ .... ; "_of theco...... a,.o., Ca_pini - : "p.ojec,, inEr,_neer in Charge,
p. 238-247.

s_ Durand to Members of Seeciai. Com,'rdttee on jet Propulsion: Soderberg, .aP.l_, ,,,..uoo,';' ' C,._s_.e,:_-;°; D_den,
Keim, Kraus, Spangler, Stevenson, Taylor, 6 November !942, Records of NACA Commixees and
Subcommittees, Na'donal Arclives, Record Group 255, i17.15.

57 Letter to V. Dawson, 2 Septemoer' 1984. Pi.,',keI did not give the author an exact aa_e.'" Arnold's leXer to tee'
NACA fl_orming .,_*of his decision to f,gnt" the war with the piston e,_gm,.'_ "'-,_is dated _..,__ October i942. it
was reposed in the Minutes of the Power Plants Committee, ii December 1942, Records of NACA
Committees and Subcommittees, National ^- _'; " _, _,,-..c.,,ses, Record Grou_ 255, 1i2.02. T>Js seems cons.s,e_.,

"" ,_.a_ he heard of ArnoId's decision prior to ms departure for C_eve_anc. it isw_,._.Pinkei's recollection *_"" ' " ' , -

not entirely clear ""^"wn,_ tests on the jeep he is referring to here.
58 D. , , , ,. mxe; to V. Dawson, 2 Sep,emoer 1984. A sketch of Nahigyan's design _ be found m Records of NACA

Commi_ees and SubcommJttees, National ,_'cNves, Record Group 255, ii7.15.

s9 Memorandum for fries, "V:s-t"" to Wi_h÷,_.Field to mscuss'"NA,_A''_ _e,-p.op_,.,s_o.,;" " "': " " airplane design," 20 januaQ-
Nano..m ArcNves, Record Grou_ 255, Box !31, 23-25.1943, Jacobs file, " '"., '

6o Minutes of Meeting of Special Committee on Tot Propulsion, 2 April 19¢3, National ^--_'; ', ,_._.,._es, Record
Group 255, 1!7.15.

6_ Roland, ModeZ Research, p. !85.
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6z Arnold to Craig, "Defense Against Enemy Jet Propelled Aircraft," 24 Ma}, !944, Papers of H. H. Arnold,
Carton 43, file i02, Manuscript "" " " " " •_:_s_on, Libra_ of Congress. See also I. B. HoHey, jr., "jet _ag in the
Army ?dr CoNs," MilitG_ PZanning i_ ,*heTwentieth Centuo; _,oceedi_.gs of *,heE',,e_en,*._MifftG_ H','sto_7
Symposium, i0-12 October 1984, Office of Air Force Histo._', p, !23-153.

63 Minutes of Meeting of Special Committee on Jet Propulsion, i8 August 1943, National Archives, Record
Group 255, 11,

64 Telephone conversation with Hen_" Meltzer, 17 September 1984. Meitzer later became head of the turbine

blade sec.'.ion. Also inte_'iew with Rudy Beheim, 11 _uiy 1984.

65 Reoort to the Executive r,^_.,_.,,_._._,.... 16 Mar_h '_94..,_ NACA Executive Committee M._.u.es,;_" ÷ " _" '__ N a,_'ona_
Archives, Record Group 255, Box 9.
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CHAPTER FO U R

TESTING THEIR
METTLE

Whe,_ iournaiists who belonged to the "; ": " V,_ers Association visited the Cieveiana

laboratory in june 194.5, they witnessed a carefully orchestrated display of the arcane world of

aircraft propulsion. This was the laborato_-'s public debut--the first time the NACA could partial-

ly puI1 back the shroud of wa_ime secrecy. The writers for the count_f's major newspapers

"_ ' " _. Of " "gawked atdemonstrationsof,..etnoasused tocooi_.,ecylinders radla e.4-....;_s,"sn:zzea"""newly-

developed fuels,"and saw how a new spray bar for the carburetorof the huge B-29 "Super*

fortress" could preventoverheating.

The iaborato:_"s contributions to the oid piston engine teclnnoi%_f, however, told only part

of the story. Demonstrations of jet propulsion, now suddenly part of aviafion's new vocabuia_,

heldthe writersspellbound.They experiencedthe earsplittingroarofa ramjetand other"jetpro-

ouision oerformances," oresented by "a _"_ o_ " ",,_,_, _ efficient and capable-looking " ,_ " "_. engm,.ers, s._e h'gn

point of the tour was the first press showing of the Lockheed P-80 Shooting Star, powered by the

_en_._ E!ectnc_-_,0turbojetengine,reoutectobe +:'_efastestDianeinthe " ,-'_,.. . wo.,,.. The staff's lucid
exolanations ,'o-v ;_',',_ " " . _," '. _.,,,_.... me writers,as well as specialguest,trances E Boiton,O_ao s 22nd

District Congresswoman, of the need for c _*;"' "" _o:_w _.**.,...... supoo_ engine research.
Boiton " c, ........uroea tb.e tour be maae a 'required su_ect' for eve_ .oerson nav:ng a..y_+-.,-...... g to co" w-:*'_,_.

research appropriations.":

The journansts came away m_pressea that research at tae Cieveta.:a iaoorato_ _ was being

"carried on by. the best aeronautical brahns avanaoie,"'' provided w:,._:+_"the best equipment oo-'

tainable. ''2 This was, in fact, an overstatement. More than 62 percent of its engineers had less

than two years experience; the ' " _ '. _aoora.o_ s research staff was yom.ng ann untried. _ In addition,

although the laborato_" had hastiiy shifted gears in I%4 to add turbojets, rockets, and ramjets to

its research arsenal, its m_or facilities had been designed to meet the needs of the piston engine.

The wartime technology of ;e_:_ propulsion reoresented _ *; o. pe,_.e_,m,, opoo_unity. The

_' "* "' * tOi 1 1 _t

_aoo.a_o_ s leaders were reaay to take charge o.-"the researca agenda. _ney were impatient ter-

minate work on shod-term deve!ooment problems. They could not wait for tl_e slow-moving

Washin_on office to set their priorities. Trouble-shooting for the engine con.paNes had se.wed as

an apprenticeship for the laboratory's youthful staff. Now they were ready to harness their energy
' ' _ " &a_ the ""and intelligence to tackle proosems o. a ,.o.e f,mdamen.al na_u.e. It was clear _ * ' star: would

need to hone its anaAytical skills. They were eager to launch a strong program in the new field

ofjetpropulsion.
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i>

_" " of War in . ' 'In the early eu_norm at the end World I! Eurooe, few staff of the C!eve.;ana

laboratory, like the members of the press, were aware that the American development of the tur-

bojet was late and on a considerably smaller scale than in Germany and Great Britain. Comoanies

in Great Britain naa oene.'-:ec from the exchange of m_ormation facnxatea by the Gas " _'"•._r,.Ane

Collaboration Comm,_ee. _ney included A, ms,on o Smaeley, Bristol, De Haviiland,

Metropolitan-Vickers, Power jets, Rolls Royce, and Rover. In the United States, secrecy had

prevented the fruitfultechnicalexchanges er'_oyedby the British.With the American aircraft

. _ "_-*" : -_- me picture altogetherengine companies, Wright Ae.o,_,_,ca, and _-_** & Whitney, kept out of _"

and the Allls-Chalmers project dropped, the only American companies involved in turbojet

development at the end of the war were General Electric and Westinghouse. What impressed an

American De.es_._o,. Great B.,_a,,. e,ny i9.44 was the ........._:,_,,_,_,,+-,_,_of the Bnt-sn'"' e_o._.:_ _''
-",f% ,'%/'% • • , •With as many as ov.0u_, ",',._,

. . _ .... s_. workers m the general field of jet propulsion, ._:"was clear that" the"
British had a "strong _a,-',.... o,".., m the future _ the turbine as a prime mover," a se...,e..-,_"__,_ _h_̂+ seems

to have come as a sunrise to the American visitors/' With the aircraft engine industry in Ger-
many elLminated, *:'" in . ' •compe,_lon the commercial development of .he mroo]et would come from
the British.

When military, technical missions to Europe revealed the extent of the German commitment

to jet propulsion, it became increasingly clear that the policy of concentrating most of the

American technical resources on the piston engine had been dubious, and possibly dangerous, in
19_4, as Germany was *_:_.-'_ ". -_;"'o, the Aisos Mission under Lieutenant Colonel Boris Pash and Samuel

Goudsmit, its civilian scientist, gathered information on all aspects of Germany's advanced

technology, pa_icular!y the development of atomic energy. The mission found that _the Germans

working on an atomic bomb under Werner Heisenberg were far ' "," "oe,-na the United States. Their

repots also revealed the strong emphasis on jet propulsion in Germany. An early report described

the gas turbine research at the Deutsche Versuchsanstait ffir Luhfahrt (DVL], near Berlin, and that
_ T ", ,"of ..,e_ u,.ke, s and Heinke!-Hi_h Compavbes. The DVL had _ _ " ' • '- concem, a_eaon tnermodynamlcs an¢.

the metallurgy, of turbine blades, while intensive aerodynamics studies were carried out by other

government laboratories. "Germany was literally sprinkled with high Mach number wind

The _80 Shooting Star powered by the Genera! Electric ;--40
set up/or testing in the Altitude Wind T,_nnel.

tunnels" that appeared "to have been

used extensively for jet work." In the

field of jet propulsion, the report bluntly

stated, "we are very much behind the

Nazis." The report revealed that the Ger-

mans had developed jet engines with

both cen,n.._oaI (yon Ohain's turbojeti

and axial compressors ithe 7umo 004,

designed by Anslem Franz}. s

In i945 the NACA dispatched

Russe.'i Robinson and Hen_- Reid from

the Langley Laborato_ to join theAlsos

mission with the specific o_ecfive to un-

cover and assess the extent of German

aeronautical advances ", -au, mg V_br!d War

il.They were joinedby William Eben,

also of Langley, and Carlton Kemper
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from Cleveland.In May, Robinson, b_assing the normal channels of commun:_cation:wrote

directlyto George Lewis. He downpiayed _e extentof German superiorityin aeronautica!

research,oescn_ang ._'op_oposeG wind tunnelsnear InnsbrucK,Austria,as "the oMy research

equipment and plans thathave come tolight_at are defimteiybeyond our own.'"The _rstwas

to be used for + : = . "'_estm o fu_i-scaie propellers, jet engines, rockets, and model aircraft 'up to sonic

velocities." The other tunnel, he guessed, was to be a supersonic tunnel, In addition, the Germans

had planned a "propulsionlaboratory,forresearchatfullscaleon theelements ofjetand gastur-

binepropulsion"No doubt _efleca-,oon the innovativedesignofthe AltitudeWind Tunnel atthe

AircraftEngineResearch Laboratory,he reported+" _ ' * _,na_the Germans had onlyoegun torealize_h=_

+hey would need some wav to produce low ._ressuresand refrigeratedair in their_;_:+"
facilities.6

The impressivefacilitiesof Nazi Germany were only partof the sto_. When Robinson

•_resentedhisfLnalreDo_ to the NACA, he describedin _,'=o_=-"detailthe research ,_+-;'"co......aut_ons

thattheGermans had made tothefieldofhigh-speedaerodynamics and jetpropulsion.He stressed

the "emphasis and liberalsupport thathad been given to aeronauticalresearchby the German

Government, asmeasured by _e number ofworkers,thenumber oflaboratories,and themodern

nature of theirequipment, and particularlythe constructionunder way to provide research

facili_esin advance of thosepossessedby any othernation.''_"In additionto the extensiveGer-

man laboratoryforappliedresearch,the DVL {notvisitedby theA/sosMissionbecauseBerLinwas

under the controloftheRussianArmy), the Germmns had builta iaborato_foradvanced research

on aerodynamics,engines,solidmechar,ics,and armaments-the Luft_nrt,orsci_ungsans_a_i_FAi

. _'" ' atat Braunschweig. The laboratoryand the nearby Tec_ca- Institute Braunschweig shared a

_uiffulexchange of personnel,among whom were Adolf Busemamn, Herman Schlichting,and

Theodor Zobe!,renowned fort-hekwork insupersomc aerodynamics,in the engineresearchdivi-

sionat Braunschweig,pioneeringwork in heattransferby ErnstSchrnidtand hisstudent,Ernst

Eckert,had resultedinsome ofthe firsteffortsin turbinecooling,an areathatwould receivecon-

siderableemphasis at the Clevelandlaboratoryin the late1940s.

Ln additionto the physical'evidence of theseGerman researchcenters,the quantityand

quai.'i_of researchreportsindicatedthe advanced natureof the German aeronauticalresearch

program. The A/sosteam alsointerrogatedhundreds of German scientistsand employees of air-

craftand engine companies, summarized in sho_ NACA repots,s Members of the Aisos and

othertechnicalmissionsconfiscatedtonsof German documents. They were senttoVvYightField,

where the laboriousprocessof catalogingand translatingbegan immediately.The Cleveland

laborato_ hiredan e_remely abletranslator,Sam Reiss,toexpeditethe processof assimilation

of German research,and _ae laborato_ assistedthe Army m the preparationof an index.9

George MandeI and Dorothy Moris helped to create a technical library to put the most up-to-date

reports and information in the hands of the laboratory's staff. The libra_ became an impo_ant

suppo_ of engineering ac_vity, a change from the days when George Lewis thought engineers

should spend their time monito_g tests, not reading articles in the iibra_ stacks.

Even before they had digested the wealth of _._ormation gathered by the A/sos Mission,

Cleveland engineers had the oppo_unity to study captured enemy hardware sent from Wr,ght

Field. The first jet-propelied device that Cleveland engineers encountered was the Germmn

"pulse-jet/' also called _e V-l, or "buzz bomb." The Germans had shot this ingenious and terrify-

ing piloNess aircraft across the English Channel to bomb the c'viHan population. In Cleveland, the

buzz bomb was caref,_Iy taken apm't It consisted of a single cylinder with a system of organ-Hke
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_qapper valves in the front end to control the discontinuous, or intermittent, combustion that

caused its loud, pulsating noise. Air entered the combustion chamber at the front end. With the

explosion of tr_e fuel, the valves dosed. As the hot gases were pushed out the rear, tr_e Ioss of

_ressure caused the valves to open to receive a new charge of a,.r. D_.._,,g tes,l:.o, this work could

hardly be kept secret. The noise ratted the wmdows of nearby houses ,_e _&at of the Ouerir.

family, who lived in the valley below the iaborato_- on what is now the sou_west poXion of the
•a._o.a_o,--f prope_.:-y.

Sb.o_ly after the first explorations of the pulse jet carried out by a group under Eugene

Manganiello, the laborato_- launched an effo_ w'_tt,. General Electric to develop simpler jet-

propelled devices cal!ed ramjets. _° The ramjet, 1_nown as the "_ying stovepipe," consisted of a

tube or cylinder open at both ends. Ti'.rust was created by the combustion of rue1 within the

cyIinder. Conceived by the Frenchman Ren_ Lorin Ln I913, it was at first viewed as impractical
because it only became efficient at higln speeds. _

The _-my also made available for study the Junkers jumo 004-the engine that had

powered the Messerschmidt 262. With AnseL,-n Franz, the Jumo 004% designer, available for con-

sultation at Wr.o_.;_,_*Field, this engine received close scru_y. Clearly :repressed" by evidence of

Ge_-Tr.an work in jet propulsion and by British postwar plans gleaned t1_-ough the _sits of British

missions to Cleveland, the laborato_'s leaders recognized the need to reorganize its entire
research program.

German buzz bomb {V-!] set up in the _Nne-Prope!ier Research Building.
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THE BIG SWITCH

The transitionfrom the piston "_e,.ometojetpropulsionwas so sudden and sweeping _ha_

caught not only the ._..,_;;but alsothe lower-levelsupe.wisors,completelyby surprise.As one

engineer recalled,he went home one evening in lateSeptember "deeplyengaged in writinga

re_ort,on sparkplugfou:mg todiscoverupon hisreturnthe nextmorning 4,_ ms aesx': ned''oeen

_..oveato anotherbuildLngand thatnencero_h he was to be engaged m ,oc_et-e_o_:ecooling

resea.cn.'-However, ..the mstztuuona_zat,on of the revolutionm jet propulsionmay have

seemed abruptand revolutionaryto individualsat the lower levelsof the !aborato_% manage-

ment, to leadersseasonedfrom theiryears atLangley,itwas liberatingand not ,un,.xpe,,,e,_.,__'÷'_ As

earlyas 19z_ they had lookedforward tothe time when they could layasidethe immediate and

pressing deveiooment problems of existing engines and _* .... to the basic problems _ * " "
characterizedNACA researchbeforeWorld War If.

The staff _orwame_ to the Was ..... gto_., office _'n December 19_5 its "_', ¢ , -_. -,*

Problems RequiringResearch."The su_'ev was the _roduct of a carefulanalysisof the - ,'_. p_ese_,_

..... : ann zuzure purpose o.:_tne !aborato_w,, It showed that the zaoo_ato_ s _e_ae,'_ " -s were eager to
expand " _ "_esea_c_, into new swaths fresh-y cut by -_"*:'_ . . , ............ . v_,,.e _rovulsionadvances:the ;._._:,,'_

tecDmologiesof turbojets,ramjets,and rockets,and the virginterritoryof aircraftnuclear"' _propul-

sion.They rued the European originsofjetpropulsionand the peripheralrolethaithe NACA had

Diayedm_ts " "_'. .'_ -_ :-,+, _: ," " _ev_oD:-e,:_. The '_Survey of Fundamental _ ' " --_ ...... . _ roole,_s reflected .me _us_,a_o,_ of the

staff witch the wa_ime program o_. research focused exclusively on +-..o,-:.a,e-snoo_' ";_,n_.c,"

"_ ' *_ _ aeveiopmemat work carnea fo,'wvara at the taoora_o_-Vv'hiie there is _o douo_ _-a _ the ' " • " : ..... *

duringthe war was ofgreatvaluetothe :'_*_ " " "m_.._ services,the effo_ put forth :n .:ms

work was atthe expense o_fundamental _ 'research.The stringentrecuzrementforac-

complis_ng certaintypesof specifictestsw_thm a .m_.m_.m periodoft',-memade "t

impossibleto obtainbasicdatawhich are sorelyneeded forthe continueddevelop-

ment and improvement of aircraft propulsion systems.

Le'_fs stall intensively ..............................
studied t_ne axia _,com-

pressor of t_e German

Jumo 004.

,.. _ , . ,_j ¢ kjki_X_._.¢, ,- _,_,
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With dear awareness that they were on me ..... s_,o,u o_ a new era, the D!anninc_ cocument

stated, "The simuitaneous development of aerodynamic shapes for high-speed flight, and the use

oflet-reactionpower systemshas suddenly placedthe aeronauticalengineerinpositionto attain

supersonic speeds, '-,_. o_,_ as yet only t_.e o.,,e"÷......_¢_;,_c,,_o,.oof research on this mode o_. transportation
have been ..... :s_oucnea. Postwar -_ _ _ '_ ' ' , , •

• ,.s,.a.c,, wou_a return to fundamental proo.:ems :n a_,:-c,-^z'a_
propulsion.

in the December i945 plan, there were nine research ,-o_ _ ,-_ ...,._eoO_es, each devoted to a spec{,-';c
engine tvoe and o_:o-,,,;, o_, ,.,.. ,.oo,_ .... a percentage of ,..,'to. _:

Turb_et eng'nes {20 percent); turbo-propeller engines {20 percent); continuous ramjet
engines _!2.5 .... ',", . , .......... _,e,_ ,_,_,_,., engines (8.5, ._ercent!;, rocket e%..es_'- {4.0

p,., c,:..,. ,,,e_ce.,,,, comoouna engines {15 nercent}: ;r-_.o.ec._.o,._ .... g engines {_3 ", - -.'"

research (5 .oercent_;, and engines for supersonic .o._;_"_{5 percent},

The proposed reduction of piston engine effort from about 95 percent to 28 percent was

_ared. down even further in the revised .oian of May 1946 to a mere 5 p_,e,ce._.,""" ,,_:"response to

criticism by the engine companies that the projected research was not fundamental enough,

general categories, such as compressor, turbine, combustion, fuels, materials, lubrication, super-

sonics, and nuclear, were substituted for specific engine b_es. Two new categories that appeared
;- the revised ",_ ...... " ...... " ", ," '

._,*a- ._,c,ea_ e .... 8_ ant .,.,..,,,-_,,-,,,w,_,-,-,._,_.,,,._...... engines"--revealed the moora,:o_'"'' 's
e%e,.ess aractice on eke a.O...... s ,- ,-,-,: " ,_ * hn _ ¢. , ' " ,..-,,,.,,.,_ . ,,.; , ,,. -- p-ov,*_S,O., _ec.....o,%y. _ae mroojet--a ,.o-,_,,,.ssoa a,,,,e.

by a turbine-had not yet emerged as the clear winner among jet propulsion schemes, in the new

research olan ,the co,_....p.esso-....,"-+':#o.,.e"'_ -p.ope.e_""_ " '" ' . i " ' " '>urooproo_ combination and the turoqe.: each
commanded 20 percent of the research effort, *'wl_n the r. , ,.a ;.... /'v""""o e,.o., eco,..pom.,_ engine ,'-_,-;,_r,,_,_-,;_o ,._;.,

in the context of the 1946 "Survey of Fundamental Problems," fundamental research did

not refer to science or theoretical work as opposed to engineering. Rather, fundamental research
covered a s_ectrum o _ _ a" _" ......

S_.e,c:.:.a 5 frOm Oas_c : _:¢; '," _ ,_: *; n- sc,ea._..C.... _es.,ga.o.s to app_,e¢ research
":- the form of + "'_-_ " m '-_,'÷ d,w_',_,_,--,,o,-,*:-, -_, *:_: ,,;._v _S,oaam,s. remained"_ _.aoa.,.e .... _ _ne heart
of the NACA research. Funding depended on the laboratory's ability to demonstrate its substan-

tive contributions to aviation. Theoretical research often complemented the more oractical

aspects of a particular engine problem, but it could never be viewed as an end in itself. @hat the

.,.ga_,.,ea as .... da.:e_,._ research ,,*,'asthe _ -+,,,-;'-, " " ' ..,,_,._nno .... _,o; to tackie general nrobiems co .........

._'_'.... ,_,_. c-ass ot engines. The new .--_o_"_c'"__..... e,-,,s,o,,_._-"; : "o'_ 'oy the' Cleveland staff sy"-">'o.,zec_: "
•>"_;" liberation _""_ narrow " ,,_ ,-- -............ ,_e,,.,op..,e,.t problems of o-';o+_"_ -,o;-_,_ The,,, were ' * ""';,, ,_,-...o..o ea,oa.,.s, aeae..a,.e,, to

transcend current technical practice and to keep the demands of industry for immediate answers

to their development problems at a minimum. This ordering of priorities was consistent with the

N _*;_'''°" Ae_o_._,_ca, R,.s,.a .... Policy anproved ,,- March 1946. Xeg_ec. of r-._._,-,, -,' "

before World War ii had created an opportunity for aggression the Germans had exploited. The
NACA's mandate ,_,c .... a oas_c scientific ;," " *: _': ,, " ' ,,

,,_ves_g_,o.,.s and testing of oom components ann fui'.

scale _",o" : ° " " "_ "* of ' '_ for. ,_ ....,...o..es. D,.ve.op..e,-_ specific nar,.,ware - ",, *: -.moa,_c_o ..... one,s would rema:n t::e respon-
sibility of industry.:S

"'_'* swing of " ' '

research goals was not unioue among government .... :,, after " ".,.sea .... organizations the war. The jet
Pr°P uisi°n : >' ..... " .... "_": .... of .,e ..... omgy and tee Nava.: R,.se_c.

Laboratory, despite their explicit ties to the military, made similar efforts to redefine their
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v

researchprograms to embrace more -,,'_ge..,e,a,, nil-encompassing ",_._; "_ ,,a,..mt,o..s of what constituted
basic, or fundamental, research. _6

Concern over national securi_ played a rote in promoting fundamental research in govern-

ment laboratories. The drive for profits made it unlikeIy that private co_orations would be wiIi-

ing to invest in research whose iong-term, benefits were not su,ficlentzy_" " " clear. Because national

securi_ required advanced techno!o_; tl_e government's role was to assume the risk for in-

vestigations in which there was chance for failure. Fundamental or basic research was, in the

view of Vannevar Bush, "the pacemaker of techno!o_cal progress." It was the intel!ectua! capital
on which _"*"- v ..... "_ ;*.,_: • _•,_,e applications were drawn. Go e,:,me,_ reseach _,,st,_,_ons had to be ao_e to ste._

out of the straight-jacket of current technical practice. They needed the freedom to pursue oromis-
• * " _ 0"
mg _ecnno,ogy regardless cost. "New ._roducts and new processes do not appear :_-'o .......

Bush stressed."They are founded on new principlesand new conceptions,which in turn are

painstakinglydeveloped by researchin the purestrealms of science."{7

When British Air Minist_w representative E Rodwell Banks visited the iaborato_w in summer

I945, he projected a "healthy obsolescence of reciprocating engines." Neve_heless, the British

still planned to allocate roughly one-qua_er of their research to the piston engLne. Hail of their

research would be directed to developing the turbine-propeller combLnation, with the remaining
25 percent to be devoted to the : :, _'s ,,,turooje_, xne Cleveiand laboratov paid dose * _: -,at_em,o:, to
British postwar planning, -, " . .a,c its I945 plan was roughiv eauiva!ent.

The strong commitment to jet propulsion shown Ln the reorganization of t:=e' "',.,seveland

laboratory contrasted with _e more conse_'ative attitudes of university, milita_-, and engine

company representatives expressed at a meeting of the NACA Power Plants Committee Ln

September 1945. Edward Taylor of the Massachuse_s Institute of the Technology warned that the
,M-" t-. •

reciproca_ng engine should not be mane a, unc'..aiIy obsolete by cuaing off research prematureiy.
Seen,2.ngiy unL_pressed -_;, of the - ,- ' ' "w:_,: _e success P-80 Shooting &a, ae c-a_ed lha_ there was "not

yet one successful a-_lane flying with a turbine engine." Colonel Donald Keim, who remained

Ln the _ick of issues relating to the appIication of gas turbines to aircraft, felt that, while gas tur-

bines would "undoubtedly come into their own," they were not at that point yet. He observed that

"" "" " " . rea..:y excez..em reciprocating engines ,,o,_,d narc..y _e expected to near the
"the ,_m.,.factu_e,s of ': "' _ ,, ,." .....

cost of developing turbines with a _ew to making _eir present products obsolete." Pratt &

Whitney's representative, Leonard Hobbs, ciaimed that his com._any planned to invest 50 9ercent

of its funds for research and deveiopment of jet engines. Nevexheless, he wanted researc£ on the
piston engine to ",*'.",, _:*,_,-co .... ,_ue. considerable debate, the _ ' ' •. _:_c, ,,.a_ pistonm,.moers passed a resoiutlon *_ *
engine research should not be tern,Snared. :9

Laborato_ leaders ignored the Power Plants Commi_ee's hesitant pronouncements. With

Executive Engineer Cartton Kemper in Europe on the klsos Mission, Addison Rothrock took

responsibility for the technical leadership of the iaboratory. The other division heads en-

thusiasticaEy suppoXed his decision to move strongly into the field of jet propulsion. The naturaI

choice to implement the reorgar2.zation, he became the new Chief of Research. He created four

new research divisions to reflect the new rea_V of jet propulsion. Ben Pinkei became the head

of Fuels and Thermodynamics. John Coliins took over as chief of Engine Performance and

Materials. Underscoring the continuity between the supercharger and the turbojet, Oscar Schey

assumed leadership of the Compressor and Tm-bme Division, while Abe Siiverstein became chief
of a consolidated Wind Tm_neis and .-,v , ,..:,zght Division. With the new division heads soiidiv oen:na

the decision, Ray Sha_ informed ±e Washin_on office. One of _e impo_aat transitions in _=e
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co_orate memory of Lewis Laborato_, the 1945 reorganization is remembered by former staff

as an engineering decision made by engineers. Moreover, ;.* was a decision reached at the

laboratory level and communicated to the Washin_on office, not imposed from above, z° This

early expression o.".the laboratory's autonomy left an indelible imoression, on the ,,..arac_e."'_+ _ of the

laboratory. Autonomy became a permanent aspect of its institutional identity.

The big switch assumed the flexibility, of eno.ne,..<,':.'_-s to respond to the demands of a new

technology. Neve_he!ess, for some engineers the transition was painful, particularly for those

whose major research interests had been shaped by the piston engine. Despite the difficulty of ad-

justing to a new technology, the choice was simple-eid_er fali into step or leave. As W_ter Oison
recalled:

.4,.nyof our reorganizations cause a ce_ain amo'.ant of trauma. There were people who

wouldn't giveup the pistonengine.They were extruded out.Some of them stayed

here and they were pushed down into the lower regions of fine center and weren't

allowed mucln help.They were out of step.z:

The new technology forced a realignment of power relationships in the management struc-

ture. Oscar Schey's Compressor and "Ihrbine Division became the premier division of the

laboratory, claiming the largest number of staff and the highest output of research papers. Because

thejetenginecouldrun on almostany fuel,knowledge ofchemistrywas lessimportantthan an

understandingofaerodynamics-how airflowed intoand through the engine.When the octane-

sensitivepistonenginehad been the focusof iaborato_,yresearch,Addison RoGnrock'sFuelsand

Lubricants Division had commanded the greatest resources in terms of facilities and personnel.

Afterthe reorganization,fuelsno longeroccupied the top of the researchhierarchy.Many sea-

soned _; '_ ofen_,.ne,,,sfrom Rothrock'sdivision".'_*,e_ during t_e trauma the reorganization. Cearcy D.

Miller,forexample,whose reputationrestedon hishigh-speedcamera tostudy the phenomenon

of "Knock in the piston en_ne, !eft, to go to the Battelle institute in Columbus, Ohio, where he

could continue his work on fuels. Nevertheless, the camera techniques that he pioneered would

become stanaara research tools o.-".:he :aoora.:ory. z- Young engineers hired bv Rothrock "_"-_"_

World War II moved into positions of greater responsibility, john Eward, Walter Oison, LwLng

Pinkel,Wolfgang Moeckei, Edmond Bisson,allfutureleadersofthe laboratory,learnedthe tradi-

tionsof the NACA under Rothrock.

STAKING OUT A PLACE IN SUPERSONICS

After the flightof the V-2 at speeds greater than _e speed of sound, supersonic

aerodynamics could no longerbe viewed as a visiona_ ente_rise more suitedto Buck Rogers

than a responsible government research organization. Supersonic flight now fit securely wi*Z:_in

the province of the NACA's du_ to find practical solutions to the problems of flight. Because the

natureof the aerodynamics changes dramaticallyand the drag of an objectin flightgreatlyin-

creasesas itsspeed passesbeyond the speed of sound, _ght at supersonicspeeds creatednew

,-'-, .-_ h at . ' "engine p,o_,Ie_,.s t,.at researchers the Cleveland laboratory were eager to explore. For C..'evelan_

staff from Langley, it was through a course taught by the Ita!iran Antonio Fern', once in charge of

the high-speed tunnel at Guidonia, that they first learned of European advances m supersomcs, zs

George Lewis, at last fully aware of the irn.po_ance of the European research in superso_.ics, con-

vened an interlaboratory High-Speed Panel to coordLnate new research Ln this area. Lewis

declared that he "wanted the panel to be the most ¢ - ' _' ; " in_orwara-m_nking group this field." NACA
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luminaries Russell Robinson, Harvey

Allen,Eastman jambs, John Stack,and

Robert Litteli isecreta_f) attended the first

meeting of the panel,held at Langley in

March 1944.Shortlyafterwards,probably

q _+ : had _;.eby 1945, Abe S.ve.s_em joined *_

panel as the representative from

Cleveland; in jm.".ua_ 1946 the panel met
in C!eveland} "_

in April !945, possibly unaware of

the High-Speed Far;el, Cleveland engineer

Bruce Ayer went over the heads of his

superiors. He wrote directly to George

Lewis to pointout the inadequacy of the

NAC_s wmd tunnels for supersonic

resea.cn.He proposed a .mrge national

supersonic faci!i_f to be located in the

West near one of the new ?ydroeiectric

dams. Ayer's grandiose scheme for an

"Altitude and Supersonic Research

Laboratow" was not taken seriously at

first, but when the Aisos mission returned

with repots of a water-driven 100,000-

Addison M. Rothrock, Acting Executive En_neer, took
charge the ',big s_itch'" from the piston en_ne to jet pro-
puZsion in 7945.

horsepower supersonic _'" " :,,,re, e, under _" -" .,-*"..... ,.o,;stru,.aon near Munich, the NACA set ;_ root'.on "-"_m.:s."for

a iarge-sca!e su._ersonic faciiiW} _ In Nove_mer Ray Sha_ -',, ., ". . s,_,,m,.ttea a formal proposal for a na-
tional "' .... ,, , ,. ,

nzgn-speed -aoorato_-. He urged t_e Commit-tee to preemp_ tms fiend of high-speed
÷:^ _ O#roseate,h. ''2_ Ra,.;e. than ....... ;"_, the,'-'-_;-_._---o field, however, the NACA slowly became aware .

similar : "': " ' +_" of the c,, ..,_,amo:_;ous pmns on ,;e ._a_ Army Air Forces for a large-scale "e,.o.neer;.._.," " deveio.m
r""_,* center." _' " competition ,:_a "w _.._tb.eArmy Air Forcesforscarcepostwar resourcesended ;_

'";* _" ' Plan. The ' .... a," ,,,n_,e_s1949 _mthe E.,_a_ Wind mnne_s plan enao-_ea the N_,..A to build supersomc +" "-
at each of its three ,_',+ _ -'_'_ ' ' ' of _' " _ 'c .... e.s, w_._ a z:on s snare ,no appropriations going to me .Air Force's A.nola

;_-"o_........ s Center in Tmmnoma, Tenn. P.,ans for a NACA supersonic research center never
.- ,,_.ia,,zea.

Sflverstein's approach to supersonic research facilities was far more down to eaxh. On one

of George Lewis's weekly trips to Cleveland in the last months of World War if,S'iverstein

broached *&,._subject:_ o_.a ..'arge"su_ersomc" tunnel. Lewis encouraged early aes:gn'" studies for tae"

$9 ,.million. 8-foot x 6-foot supersonic tunnel completed in 1949. z_"

Sflve,s,e,.."" * ;" "_a;.,,.a" research in supersonics, to begin at once. In sp.-ing 1945 he called Demar-

quis.. D. Wyatt, a bright, articulate, but inexperienced en_neer, into his office. He bluntly asked

_-m ;; he wouid be interested in working on a supersonic wind tunnel. _ya_ admitted he had
_o" the om._,*_o._- _ o_s_.,,-o_ idea what supersonics was, but he agreed ";_"w,_,, youthfu! eravado to head the
design team to build several small ,* -,:supe. so,:,c tunnels, zs

Given Abe Silverstein's background in the design and ._,,-,,;'-<,,.,,.,,oof wind tunnels at Langley,

the speed with which these turme!s were built was not sumrising. If Wya_ was yet a novice,

Suvers,em _, _ ... w . ": _' " '_,roug;._ a solid background in w;._d tunnels from LanGley. Sl_ve.sre,,n s colleagues
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credited him with an unerring feel for design. His approach to engineering was visual, intuitive,

and practical. "He always maintained philosophically that .'f something doesn't look -'_gnt," it
l.._t • i ,was,: t ngn,:.., if .:.tis good, sound, proper design, your eye wiil ae_,.c_'*_ * _:_as good design. "z° Ln

anecdote reflects what is often referred to as Silverstein's engineering intuition. One of his young

engineers assigned to design a supersonic tunnel had reached an impasse. With knowledge of

supersonics stiI1 in its infancy, he had calculated the shape for the upstream, subsonic side of the

throat and for the downstream, _ ": _ ' _.Aoat into the testsupe, so_,_c part, which expands oeyona the .*_

section, but he lacked equations for the transonic section between these two parts, where the flow

passed from subsonicto supersonic.Silverstein"eyeballed"the design,Pickingup a pencil,he

pared the shape of the curve.Despitethe freehand addition,the tunnelworked perfectly,james

Hansen has poLnted out _'- Engneer in Charge that this abili_ to visuiize an engineering problem

was typical, of some of the best engineers at Langley. it was an aspect of a unicue en_,ee_<,:',_.n_a

creativity encouraged by the NACA} ° However, Silverstein's ego sometimes interfered with his

engineering judgment. He had little patience for any point of view but his own.

This did not ma_er to the young Wyatt, for whom Silverstein was a model and an inspira-

tion. Wyatt and his group groped empirically for the best configuration to explore the uncha_ed

_ " " _u..ne_s, an -8-inca x iS-inch square .:unne_ and a 20-n_cn_e_nto_ of supersonics. They built _'o * ,,, : ...... ., '

diameter round tunnel, both capable of speeds up to about Mack 2. Calted the "stack tunnels,"

they. were 'oum"_one on "_o_,Fof the other above the Altitude Wind Tunnel and shared its exhaust

system. They were mn at night when the A]titude Wind Tunnel was not in operation. Additional

supersonic wind tunnels, :' ' 'duct _mmels, were _,uat in an, " -_,_ ,. "ca_iea un_e.o.o,n_ _assage ,-,,-,,,o,-,;.,e
the Ntitude Wind TanneI and the _' _'; ..... '_nome Research Bu_.:a:ng. The research program for these

tunnels focused on the study of iNets and diffusers for supersonic ramjets, s"

As soon as they ran tests in the new tunnels in summer 1945, researchers under Silverstein

encountered shock waves, tfpicai of supersonic aerodynamics. The discovery of shock waves

The NACA's High-Speed Pan#, met in C!eveiand on .[anuary 2t,

1946. Left to right: Addison Rothrock, ]ohn Stack, I_ngfe2; H.

]uZian AfZen, Ames; t_sse_l G. Robinson, Washington o_ce; Abe
SibJerstein, and Carlton Kemper.

experimentally in the stack tun-

nels coincided with the group's

first awareness of outstanding

theoretical work by the British and

Germans in supersonics. Members

of Silverstein's division studied

papers published in British jour-

nNs as well as the work of Adolf

Busemann, Kiemens Oswafitsch,

Albert Betz, and Hermann Kurz-

weg, translated and published as

NACA Memoranda. Later they

would have more direct access to

Busemann, when the Army's

Operation Paperciip assigned him

to Langley. 32

With the new supersonic

tunnels in operation, Siiverstein

reorganized his Wind :ltmnels and

Flight Division. He placed John

7_ • :,

.,_. _ s _.,_ _ ?_ _ _ _ .._. ¢ ,_ -,'_

- _ _4"_:," _',, t,_¢" * ."_..'--



A camera /&reground;
records shock waves dur-
i_,_gsupersonic test in the
duct tunnels, t949.
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Evvard in charge of a Special Projects Panel. The use of "_anels" to cross division and discipiinaQ,-
lines was one of the distinguishing marks o," Siiverstein's m _, -- .-anaoemem style. By drawing talem
from the entire ' "iabora,o_, Silverstein c, 'encouraoea greater flexibility and interaction between

groups. Demarquis Wyatt became the section head in charge of the stack tumnels, and John Disher
took charge of the ' ' . , • ,aeve,o_ment of a,a unconventiona.., ramjet concept carried out on the hangar
apron.

THE ROCKET FRONTIER

Like the group in supersonics, members of the small rocket section at the Cleveland

laboratorystartedwith li_e Mnowiedge ofpreviouswork inrocketry.In He !930s the Cleveland

Rocket Society had nu_ured an enthusiastic group of amateurs, but it had vanished without trace.

Repots of the firing of the ",I-2 across the English channel in summer 194.4 awakened a more

serious and lasting interest in rockets among the laboratory staff. In December the Naw com-

plained "ha _ "progress being mane on high-speed research is not as ra_id as milita_, necessi_

now aemanas ' and urged that jet-propelled aircraft and missiles be g; en the "_" _. + : _ '.... _g..es, p.actcao.e
• "_,,33 r' •

pnon_. Cleveland researchers were eager to comply. _ ale the NACA debated how best to
coordinate work on guided missiles, the _ ' '•aoorato_ s rocket group jumped into research on small

solid-rue! rockets. _ After some "prodding" by the Army Air Forces in !94.4, George .Lewis

authorized the Cieveiand iaboratov to build four rocket test ceiis, ss Responding particulariy to

new information on the V-2, iv, June !945 the Cleveland laboratory submitted a formN proposal

that kucIuded research on turbojets, ramjets, and rockets for applications as power piants for

guided missiles. The mood among government engine researchers was "to catch up and not ever
fNi be_d again in advanced propulsion. ''s6

Waiter Olson brought back news of successfui rocket experiments at the Jet Propulsion

Laboratory _JPL} in Pasadena, Calif. Oison's repoXs fired the imaginations of members of the

Fuels and Lubricants Division. Late in World War II, the NACA had sent Oison to the Santa Ann

Air Force Base to recruit men with techmcai backgrounds as they returned from active duty. With

a Ph.D. in chemis._u]r, O1son did not _ke to let his ana!Fdc skills grow dull. He took the oppo_unity

.ACt'{ AND ,_- PHO TCGRA.m_
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to meet with Theodore yon K_rm_n, Frank Malina, and Martin Smmmerfield. He was intrigued

by their stories of the development of jet-assisted take-off devices, although he did not visit Aero-

jet, jPL's commercial spinoff: where these JATOs were mass-produced. Olson recognized the risks

Maiina's small band of rocket enthusiasts had ._ ' _ .... •,aK,,n before the war when they m'D:ea aspnaL and

the fertiEzer ammonium nitrate at CalTech's prL,nitive rocket facilities. The NACA was too conser-

vative to "nave allowed dangerous tests like the ones carried out in the Arroyo Seco, the future site

of jP_. Oison could ,mra/y wait to get back to Cleveland to discuss this new work, which im..-

mediately fired the imaginations of the young staff in the Fuel and Lubricants Division. s;" When

the iaborato_ reorganized shortly after Olson's return, Ben Pinkei selected Otson to head the

Combustion Branch withinthe new Fuels and Thermodynamics Division.The Rocket Section

headed by Joseph Dietrichtook shape under Olson'senthusiasticleadership.

At first the .... _-oc_e_:"• ...... _" "mooraro_ s pro_am had to be disguised as mgn-pressure comousaon

because the chairman of d".e NACA's Main Committee, Jerome Hunsaker, did not approve of

rocket research. He thought that rocket research was outside the NACA's mandate to improve air-

c, af_. Undaunted, t>.e rocket group intensely stua:ee the Alsos reports of German work and the

publications of the jet Propulsion Laboratoq-. John Sloop, later head. of the Rocket Section, re-

called that they were acutely aware that they "had a lot of catching up to do." Because of their

' " _he,. attention "lesser ploughedfeelingthat they were mtecomers, .:heydecided to direct• ,," to

fields" of rocketry. Research on solid rockets _ey could leave to o_ers, ss

With mimmal support for personnel, the section decided to focus on high-energy liquid pro-

pez_ams. The group studied combustion and rocket-engine cooling and evaluated the performance

of these propellants both theoretically and through experiments. A team working under Vearl

Huff developed a method to calculate theoretical performance that gready sLmplified the process

of propellant selection. N!ey Miller and Paul Or&in made a systematic study of va'ious combina-

tions of hydrogen, nitrogen, and o_'gen atoms. Despite the iack of official., sanction, work on

rocket fuels slowly increased, pushed by the technical interests of the group rather d_.an external

demands for specific applications. With _e san_e spirit shown by those who were pushing the

frontiers of supersonics, the members of *&e rocket section enjoyed the adventure of an entirely

new field. They took great _sks to obtain small quantities of exotic chemicals. One determined

researcher brought pure hydrogen peroxide from Buffalo, N.Y., on d_e ali-night train clamped

a container between his legs. The potential of hydrazine and diborane also received close scru_-.

in the late 1940s, expe_ments on diborax,.e, which was also being studied as a potential high-

performance fuel for jet engines, revealed that it left oxide deposits that impaired performance.

VChen diborane was combined with fluo.-ine, the deposits disappeared, but no sahsfaclo_" method

of ,,ooK_g cou:a be found. Researchers studied *,.heeffects of using pentaoorane as a fuel ay tesnng

it in the five-foot diameter Nav£',.o ramjet in the Propulsion Systems Laborato.w. By 19z,8 the

group had formed a high opinion of liquid hydrogen, s9

The initiative for the iaborato_'s work in rockets came from the staff in the Fuels and Ther-

modynamics Division. This work was neither inspired nor encouraged by _e Washington office

and received surprisin$y little suppo_ from Addison Rothrock, then in charge of the laboratory's

research program. Understaffed, underfunded, but undeterred, the rocket group sIowly built a

technical competence in rocket_ that would serve as an important base for future achievements

in liquid propellants. However, the group would wait many years for adequate facilities for their
research.
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NUCLEAR PROPULSION

initiativefrom withinthe laboratorycan alsobe seen innuclearpropulsion.The attraction

of a nuclear power plantforaircraftwas the potentialforlong-rangeflightwithout refueling.

Former Langleystaffwere no doubt familiarwith the work of Eastman Jacobsand A_hur Kan-

trowitzatLangley,where theymade the firstattemptinthe United Statesto achievea cont.oileG_ " '

fusion reaction.4° Engineers at the Cleveland laboratory immediately connected the

breakthroughinjetpropulsionwith thepotential.,ofnuciear-propei!edaircraftand missiles.Ifthe

feasibilityof a new propulsionsystem foraircraftcould be demonstrated,itwould representa

".h,o_.--_,_.__.,..,,.,o.:c_;.,,in propulsionsimilarto thatofjet._ro_ulsion.during World War If.

Although nuclearpropulsionreceivedonly a briefstatementinthe "SurveyofFmndamental

Problems,"seriousth,.nx-nginC.evem.m about nuclearpropulsionoegan two months priortothe

bombing ofHiroshima and Nagasaki.Bruce Hicks,a physicist,and SidneySimon, a chemist,both
D' _, ._,_,_ .recent _ n.D.s, were unaware of the Mamm_, Project. P:owever, tnev were " +",,o,n ce_ain of the

technical feasib;_;.'y of spi"tting the atom. ;_ey urged headquarters to allow them to begin to ex-

plore the potential of nuclear energy for aircraft propulsion. They pointed out in a memo to the

Washin_on office that before the war the process of nuclear fission was beginning to be

understood. They stated that in the early years of the war a great deal of work had focused on

pmdu,,mg-'"" a seIf-sustaining nuclear reaction. Publication had then ceasee." "It is a matter of com.-

mon belief among physicists," they wrote,;' that every major power in the wor!d has been devoting

a tremendous amount of effort to the solution of dzis and similar problems/' They stressed the

need to train a team from the Cleveland !aborato_ _. They taought that it would ti._e i2 months
' " " ' " * D' tOfor a physic:st or cnemls_ ,:+',, .,,_,, a, n.D. become a nuclear physicist and about two to mree years

tO turn an -.* + ';-",e
o.,.s.ana.,.oindividualwith an undergraduatedegree in physicsor chemistryintoan

expert m n_,c_e_, fuels. _" _- ' •.nC_S and Simon ,._e • _ , • ,. •s,,ooes_ea that the moora_ory ave three nuclear

physicists who had worked on wartime projects to assist in se_ing up the program. Drawing on
their expertise, the laboratory could then hire about 50 new staff to '_ :_, ,- '

, _,esaon,construct, a.:¢ operate
hue-ear "--.; .--, * "e,,_,.p_,em, such as cyclotrons. 4

Several days after the m",nouncement that the United States had dropped two nuclear bombs

on japan, laboratory personnel suggested that four or five NACA scientists be sent to the "inner

sanctum" of Los Alamos, N.M. John Eward pointed out the new vulnerability of the United States

in a world with !ong-range, _ossibly_ nuclear, rockets for the delivery of ":_,_cle_.^--'oo.,,os."_As a _o'.nt"

to be raised in discussions of nuclear propulsion in WasMngton, % wrote:

..e Germans nan a mooanea V-2 rocket on .:he drawing ooaras equipped .*_-w,, collap-
sible wings. Using a skipping technique in the outer atmosphere, this - '- __OCsxe_ was

.epo,_e,, oe ca.nabie of oom._mg New York : _ _ '", ,to,= Germany within a ,aams of ten
miles _- ",- '",m,.. the point target. Combine tins " -", .', "," o _ with '_m_,_e,..e_._ , war .:he potential ap-
_,m.a_;o..s of me atomic Going principles, and you _, * .', ..... . _e_ a ..._ssve which cou,.d destroy
any point on the earth's surface from any other point. THERE tS NO SUCH THING
AS SAFETY OF DISTANCES! _2

Access to the nuclear inner circle proved difficult for the NACA. Vannevar Bush, Director

of the Office of Scientific Research and Development, suggested they wait until Congress had set
up the Atomic Energy Commission. Six --*"mo,_ms later, a Cleveiand memo warned headeuarters
that " :un,ess the Committee sets uo an active and farsighted group in this fiela, we w:,_ oe _e,_
at the post.' ,,4s
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While the ; .....C_eve.:ana .mbora.:ory enthusiastically formulated its plans to tap , _,too the

mainstream of nuclear propulsion research, the Washington office demurred, tn May ].94,5 the Ar-

my, Air Forcesinitiatedthe Nuclear Energy PropulsionforAircraft_..,_.._:,x_A_under Donald Keirn,

now on the s_aff " . -,' _ •, of Leslie Groves, former director of the Ma_madan Project. Although denied a

..'ea_i..g'""_ role in ""_mswork, the NACA was ._Iaced on a board of consultants for NEPA aiong" with

nine companies and the Navy. Soon the Army was amxious to tap its growing nuclear expertise. _

The Cleveland laboratory staff * 'perseve.ea in the pursuit of a larger piece of the national

nuclear propulsion program and succeeded in winning the support of Farrington Danieis, head of

the metallurgical iaborato_ at the .... " ' . ,_ ._, _mversi_ o_ Chicago and a :<ey member of the Mm.:mt,an Pro-

ject. They proposed a program of basic research in high temperature-heat transfer and materials

to support the development of Danieis' design for a gas-coo_ea nuciear reactor. _ By" the next year

the NEPA project was -" "_ :'_ _na_ the Army project needed the NACA. A_,¢,ew_ou,,_,en,, o. It was clear _' _ -, "_ .

K_itinsky, Chief _ _'_ _ ' NEPA of _" " ":"_,no,,,ee. of the division _'airchi_c, was anxious to use NACA research

data. For example, after a meeting with Cleveland laboratory engineers, he wrote:

In the course of these discussions it became apparent that the _nalvtica! and ex-

perimental heat*transfer studies now under way at Cleveland may be of great im-

mediate valuetoNEPA. m the analyticalstua:es,a method ofc_.,.ula....o 'nea_tr_nsler

and pressuredrop has been devisedwhich appears to be farsimplerand more ac-

curatethan _'.,'_;",__--_:-,_'owe now have available. _

With increased emphasis, on neat-_ransfer _roblems. re!ated to nuclear p._opu "._.s.o_._ by
...... ' " { _ " " and the "memoers of Ben Pinkei's _'uels and _ nermoayna,_-mcs Div, s.o_,, the NACA Atomic Energy,

Commission came to a formal agreement on a joint research program on 15 July !948. Various

Lewis personnel were assignedto Oak Ridge National _ '-' _* _- " "_a_,o,_o,_ for training, the beginning of

....... + ' _o nuc.:ear _ro_u!sion that continued _,mi 1972,a long and, m hmcaght mIsa:rec_e¢ commitment * ' . .
when +:<e "" "'" " ,_', - -_¢-_ ' ',.. dlsmamimg of t_e ,,_,clea_ e:,o_ _ woum nearly bring about the closing of the moo_a_o_.'' - • -

THE ENGINE INDUSTRY AND THE NACA

it was critical _ _ " " ' ,- ........,m_ the C..evem,m -aoora.:ory nn_ and occupy a niche in the transformed

economic and political ;. _'_-'_ _ " •'env,.o,,,,e,,, of the early _os_-_orifi War r.- period. "_ _-_ ";"_

/

'Ji  ii!.......................iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiil;ii;iii::::::::::::

Two approaches to aircra_ nuc;,ear propu!sion.
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well-defined research agenda, its role in the emerging propulsion communi_ would be a difficult

one. It had to avoid being used by indust_- to clean up its immediate development problems;
however, unlikedisinterestedmniversity_,esearcn, scientific and engineering knowledge generated
by a government laborato_- had to serve the national interest.

HistoricK."iy, the NACA had prided itself on its contributions to the kinds of basic knowledge

that took concrete expression in the design of aircraft. Basic research, made available to the entire

aircraft industry., stimulated innovation. The NACA did research that indust_- could not afford to

undertake. Between the two world wars the air-frame indust_- had come to rely on the NACA.

Small innovations like the change in the configuration of wing, tail, or propelier-discovered

through testing in the NACA's wind tunnels-could a,_,_a_ca_y."_'--÷ '_ improve °: .... a _, ,_ _.,_

, . _eaes_gn o, a pa_icmar componen, could be imroducea without major revamping or the

assembly 'ine. In contrast, even a small change in an engine usualJy affected the entire system.

Engine innovations were costly because of the watch-like precision and interrelationship of the
engine's complex components.

Would the new iaborato_ ever enjoy the same easy relationship with the engine companies

• e NACA had enjoyed with air-frame designers? Conservative, intensely competitive, a_d resis-

tant to any -kind of gover_ent interference, _e engine companies were not sure whether

development of the turbojet would ever be profitable. The existence of dae new engine iaborato_
seemed to _reaten their independence. With sufficient -_:expe_ _,se in the new field of jet propul-

sion, the laboratory could influence the demands the nrfilita_ put on the engine companies.

Government researc_h could assist the United States in catching up and su_assing tlne British in

turbojet development, but only if the engine companies would accept government research and

the government's right to disseminate it as widely as possible to compe_no.s._'*" Because of the :n-

tense rivalry, mmong the engine companies, the laboratory, found itself in a delicate position.

Research in the national interest could not benefit a sLngIe company, but must be freely avaiiable
to the entire industv.

In i945 the turbojet was by no means a finished, or mature, technology. Moreover, it was

not clear whether the turbojet could be mass-produced for a commercial market. For fighter air-

craft, where speed outweighed other considerations, such as fuel consumption and length of ser-

vice, dae compressor-turbine combination held great promise, but how much emphasis shouid

-._E.ta_ hardware receive in peacetime? Many design questions remained to be solved. V%uid the

axial or centrifugal compressor prevail? What form should the combustor take, and how would

the designer overcome the .oroblem of the high tem.oeratures of the combustor and *u_,_,,_

•_ ' _ ofWould ;" require the aeve_opment new materials? Should ._ _"•-emods of turbine cooling be in-

vestigated? MechanicaEl_; the gas-turbine engine was simpler than the piston engine, but the com-

p!exiV of the physical processes involved in passing air through a compressor, combustor, and

turbine required, a level of _',,,,,',_+_,-o_,_,,_,,_,,,,,,_sop._saca_o._';._" _: -" far above what had been necessa,-y _unng""

World War II. To grapple with these problems demanded more formal traning for engineers and
a gradual accumulation of experience.

The first oppo_uniV for the Cieveland iaborato_ to demonstrate the potential benefits of

goven,-,ment engine research in the new field of jet propulsion came in May !945. Ben Pinkei,

Oscar Schev,, Abe S_verstein, and Wmmm Fleming from Clevemna aI,,_-'_Jo,_,_.-Becket from cang-ey"'

attended the first American coherence on aircraft gas turbine engineering, sponsored jointty by

General _le .... c and the .... Air Forces. Held _._ Swam.oscott, Mass., the conference attracted

nearly 200 members of the aeronautical .-,, ,-:* ....com_,,m.:_y, unciumng _ _ _:",eprese_a_es from. Great
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1954. cartoon refers to the ,N_CA's roie it, aircraft, nuc_,ear propulsion. Reproduced by permisszon of The
Cleveland Plain Dealer.
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nrkam. _,_,n_e G,..e,_,. E'ectic _,',,_;-. - " ......,.-8,.ee, s ano t_;e_r Bnusn .... _ theco_,eagues u, ese-,e_, the au_ of

27 papers, S,,,e.s.e:, had the ', _,., .*, ,, m ..... o_._;o.-, tb.e test p." _,....c.s .... c,.o,, of cescno-ng me NACA's ,- -+....... ..,,%.a.;.
• , .g

;n tb.e A,.,,,_e Wind Tunnei. He described how iate m the war, n:s staff had "- " " "" n,creasea the a_r ex-

haust caoacity of the tunnel from 8 pounds per second to 80 F "' a. _,o,.n,.,s per second. Testing had
enab!ed General _ *_; its " ':_.ec_..c to imorove _ _ " _' ti_e '" :. .o-o.o'-yP,- from *%o_oa_:<y i-i6 to more re_:aole ,.,+,_.T_,_
By the end of the war, the " _" ""_-,+v was actuaiiy superior to Rolls Royce ,-,,; ,_ " " "e-.om,.s based on Wn.ttie's
design, _,_,o_,_:,_"-:""'_,:- this s,.ee..o.__; ":*" was not to last.

S"v...a,..;,_:"_" *_';-'s .oaoer. used a vaiuae,ie"" comoarative, perspective to evo_.:_*,,,._,_,,,the' engine penor-"
,-_e 4 v I _,,. • - v /mance of five _::erem e-:gines. ":s ,n aaa:.uon to data on General Electric !-2.6 an¢ tee --_0, ';*>,

_ne:r ,"_'.-"...... _,_: the for......... oa. co-noressors, _aoora.:ory maae available ,, m", , _"_ " ". ,.o .:uaao.,. aata other American

designs-the General _': _- " ' ' _:"_'' "' _ne_r_ec_zc TG-180 an¢ t-".e ½es_.3,o_.se 19-B and 19-XB, with *: " axial com-

oressors. S,.ve.s_e., s paper "-,'>, ".; "s)a.,,,o,ze¢ tne iaaoratorv's new _ -',','-:.°.-," _ ' ;" : _,- . ,.o ........... em to ee,mmo and solving
oroblems for the >,,_,,J_" " • • -..... e,,_ of the entire engine a'a"_,'v For examoie, he ' _'" ', - a_,,.,_,o_,,. . . cesc, ioea "combustion

blowout" at low soeeds a."d the _"_-" of Revnoids .... ,, - .x: :, ' " imoair-* ,,,.,..oea, ,,'_lcm ÷ ........... x_..;c,, the ett-c-ency of
the compressor and *"-'_,,o,.,_:'""az' high altitudes. _9

The NACA Gaper : _ ,, ._--' " the . " • _" ". ce-.o..s.._eo deveiooing exnertise of tan laboratory in t_e new r.e_a
• , _ _ ; _of jet p.op,.,.s.o., u ..... ;..,_; .... ;., ,. nOW ,..% e,., cr; ,_ ocoope.a_.o.v, ....... ;g the of the eno_.,, comoanies, would not be easy.

! /_.4 _ Tr •

As early as _9.-,_.. jerome nunsa;<er, Chairman of tan NACA. _,_*a;c,p,,_eo_" trouble -:*_, ". _,_,. the

established engine co-noanies, P,a_ & Whitney ant V,._g._ Aeronautical. ,",, a k_..........

Postwar Research' Poiicv. for N_:ACA,." he reported ....,n_one of the q,_..s.o.s*;". '_*..a_m_ustrv"" had raised

during ms trm across _ne country _,_mid-1944 was " ,_ *'., . the.._ v,,.e,_e, or no_ Cleveland _, ...... ,_,.,0_ a_O. y con-

stitutes a u'_o*e_a_...-,threat to the engine indust_'." He explained, "The idea .he-e. is tna,:"' onvate"

e.,.e_o,.se has airea_y deveiooed ver,, ..... ; -. . s,_pe.,o, engines .-' : 'a._ auels ann does not need government
comoetition ;,, research, _-, .,_-*:-, ' " "-" - ,• ...... v_.._o:,,, and aeve,;o_ment._ a., Hunsaker reported 4.a*_.,,_ "ncustrv

mana_,o........e._ argued that "'_..e,_"could mad<e" better use of ouonc': funds than a ¢_v_-nm_-_
laboratory and " "_ ' o............. e,.o..e stooged, at,-.. p_...c-,a_, t-re eno,.e companies.
complained " * ' ' 'ma_ the C-eye,ant '.">, .-_. - ,' , ,.* ; ,_ _:; , " . •._.,o,_o_'_ s work on t_:e A..so. eng-ne mterfere_ex,ens.x ,. .;,_,

the :moersonai forces of the mar:et. They were also b:tter aoou, me Army's decision to set ro
._% Packard Comoanv :_. the _" ......- . . ,. _rcra_; engine business _..... _ _;,. :_.... o.,s,; _.e;, license from the Roils Rovce

Comoanv to manufacture the British Merlin engine. However, their maior comoiaint was :_,_*"

NACA was ;_._,_,_ tb.e lead :n iet o-onu.;.c_. ";,_ ... .. u ......... collaboration .:_, firms'._-. oreviousiv outs:on the

The engine companies had reason to worry. General _.e,._::"+-;........,_pp..a e,..'q,to be a ootent:ailv""
" " "" _'*" " ,a;,. a head start m the, -+,"*' :- _ -.;,_;, ,,oowerrui new co:._p,.a_o., ":_;, " " "..... gas ,,**o,_e :zeta, ann _es..o.,o.se, tasting its

+U": ; + On T._ ,•",s_ success w._,, zts smaz, .ooje_ for use a'rcraft carr'ers, had captured the N_vy s ,,._,.,es_'"_-""
_.;_,es_ ....... Moreover, the Army had i'censed t_e A_:son Division of Ge .... _. Mo_o,s to take

over the .,._,._._,._,,.:o,'_.... o.'. t_e" .-*,,.r_,. Pratt & Whitney and Wr;_;_t e-,ero_._u,:ca*_'"' *' ' still dominates"" " the

; ÷ - _" """ " _,osoa_ .... v..o ..... en,, how iong would the piston engine --*"....p.s,o,-_._.;.e ::ei_, but, _n the ", * ...... ;_ ,_,-,- , ". CO....... _.

to be commercially viable? The engine companies were aware of *'_ _- -,': -__,e.. precarious i,,.. pos,_m ..... the

new peacetime economy As a result of the war, they had enormously expanded facilities. Now

,.e,, were .;ace_ w>:n me oossibilitv that "_'e market for >'_e:r engines " ' * to _'_-. . ,.. mr.gin cease ex:st, i.;e
very, day that ._"_'s,_,.-_,,.o,,.,,.;._ I-'iar_- S. Truman _,mouncec-_ ' victory over .japan," the o,-,,,,,.,-,_m,,,_ canceled

more than S414 "-,';_; ,, :._ ,- .-+. * .:,k .. the -" _:'_ "" o_ its....... o.. ..o,_,ac,s ,,_;,. Pratt & _:_;*-- • '--. _,_,...... ev. aria vast oroduc-,^,ac,.,..e.',; .

ton emoire fee sunni, oz _Akn a ,aalcarv new power : --" .>,,,• .o.a;,_on .... horizon, the engine comoanies
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could anticipate the costly replacement of the entire set of machine tools necessary to mass ._ro-
duct o; .... # _ 9",,

Vannevar Bush and other members of the NACA's Executive Committee, however, had little

sympathy for the p!ignt of the com_mnies _'- • ". . " ' _ _,a_ mace piston .,_;ne,o..,es. Bush reto_ed, "inasmuch as
the Germans have :,- * ,,i . _ , - • , ._s_ sprung a ,.,ever, new engine on us, '_, __..c._ our indust,w never thought of,

their attitude does not strike me forcib!y. ''ss Bush blamed not the NACA but the engine com-

panies for the tartness of the ._.merican effort to develop the turbojet. Recalling with displeasure
their predictable attitudes toward '_ " : "_" ,_,_ -,._' '"g ' ",.eve_oemg any unusual engine, he co ...... e,._,.a, _ we orougm
new people _ _ " .... -a _..too the engine field I think we have done a pua.r.c sen, zce. ''_ t_e new companies

ended the domLnation of Pratt & Whitney and Wright Aeronautical.

Competition encouraged innovation. Once a s_ro_,_ company orevaiied over its weaker com-

petitors, innovation ceased, it was always more profitable to market a production eng'ne than to

unde_ake the costly development of new ideas. Another NACA Executive Committee member
14.commented taat, a,,o_,gh the aircraft _'-"., + - " " ",.o_,s,_ mzgnt be just as able to conduct fundamental

research as the NACA, it was not interested in the "general progress of the art." What industry

objected to and feared was the publication of new knowledge, thus eliminating the competitive
,.4 ^,._+ O _ " _ , " ,_ ' o

a,_va..,aoe a company, m_gnz wm .:nrougn its own errors. The comm_tlee thought that c,ove,,,-nmem*

.... _ _ keep u_a by performing atresearch would e,,co_,.aoe compet.tion. '._ wou_d force "n,_-.

higher technical levels. This research dynamic needed to be sustained because the ""'....•._c,,s, y could

anticipate strenuous competition with the British, who were looking forward to the expansion of

the aircraft indust U and were proposing to build new facilities. Hunsaker observed:

They are going throughout the United States, and they are frank in saying that what

we have now is what they propose to build, only larger and be_er. We have a 20-foot-

altitude wind tunnel at Cleveland. They will have a 25-foot-altitude tunnel. _'_ "_e,.r pro-
c-_.-,. _ne constructionof 12 wind _ -" : """ ' _.- ,_,._, now calls for *' _ua.ne_s, w,_;cn will const:tute a 8.ea_
national research -_ ,'; *: ," -:+; _ " ""o.oa.,.za_,o_, for the B-_,,s._ emp,_re, aa

in the same way that the Russian Sputnik raised national security fears almost 15 years later

and galvanized public opinion for the outlay of tax money' for technology research, the superiority

of B.... s, e,o!,es and the .perceived aanger o:" this technology m" the canes'" .in,. Russians was
• • . 4ora recurr'ng theme in the late i940s to jusa_'y expansion of government .... ""

THE COMPOUND ENGINE

Ben Pinkel, respected for his analytic ability, led the ' ' * '_aoora,o. D" s effort to evaluate the

potential of" _ ,a:gg_._._ _ _ : ,_ in o"O_ DrODU_S_O_. - "o-_ _- _I+;_,,A_m,. ,.,,_,:,,:.._ t_es . . systems terms _ we_.:_, _.,,._.,_,_, range, and fuel

constumption. The results o." this analysis were first presented at the second annual P_,'.',.* _" ,:• * ,ODUa-

sion Meeting of the ._nst;._u._efor A,.,ona_a,._,I Sciences ;, "..a: ,._-........ e.,_ m Cleveland in March 1947. s_ i,ns

type of systems analysis was an impo_ant aspect of the work of the iaborato W because it was the
;" *:+"+" " the rL,',i* d .....one .,.s,,uaon m w. ,e S_a_es &.a_ could a_,em_"_ . * an ove_wiew of the entire p.op.,.s.o_,-"_ ; - pic-

.:urn. The group eva_ua.:ea six engines: the compound engine by Eugene J. Ma,ga,;e_.o and Leroy

V. Humble: the turbine-propeller-engine by john C. S_.ders and Gerald V_I Engle_; the turbojet

engine by Newell D. Sanders and John Palasics; the .... ' _ + Bruce _ " "" "_._ oo-ram3e, engine by _. a,unmn; the

ramjet engine by George ,v Kiinghorn_ and the - :-"+ "• . .oct,., engine by Everett Bernardo, Walter -. Olson,
dla.e.em --_- * "ana Clyde S. Ca,_e._. By weighing "_* * " relation to. _=,ame_e.s, such as thrust:n engine

v¢_';_,_ engine frontal area and the rate of fuel consumption, speed, and ^_*:',';^ "._' "' _- :,,_
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Ben t_.'nkel, chief of the Fuels and Thermodynamics Division. sits with staff who presented papers at the pro-

pulsion meeting of the Instib,_te of Aeronautica! Sciences {LA.S.] March 28, 1947. Left to right: Everett Bemar-

do, Newell D. Sanders, Bruce Lundin, Benjamin tb.'nkeI, George E Klinghorn, John C Sanders, and Eugene
f. Mar, ganieiZo.

assessed the advantages and disadvantages of each system. On the basis of the NACA's analysis,

e."_,'.'n_.,o..vcomoanies_ could more realistically, oian develooment of different engine t:ypes.

In t_,e ...ate i%0s. the turboiet seemed an unli_e-v candidate for commercial deveiooment

because of its Ngh _ ' "_ue_ consumption and lack o.-"- _; ' "':+ " ". _e_,aou:_y. As Ben TM "- i, ,me. recaz_,ea, the aircraft

industry could not imagine a passenger ai_!ane flying at speeds of 500 miles _er hour because

of tae buffeting the aircraft would receive, xhere was a genera..' :eelmg tha_ tae human body just

could not stand to go that fast. it was just beyond _e point of human endurance." Few could im-

agine •--_ , -; _: '_ ' "" " " " _,.b_.:en_ ,_,: posa-_,.,,ssu,.za_,o,_ of passenger caoz,,s to make flight at high alt:tuees :n !ess ......... ;- "

hie. P'nkei, who served on the NACA Subcommittee for Propulsion Systems with Wi!liam Lit-

tiewood, director of research for United AircraR. vivid'.v recalled Littiewood's assertion that Ns

company had decided, after considerable study, that the jet engine had no future for commercial
applications, s7

here seemed little doubt +_, • " " , --,w,-__,.a_ for m_Itary a_piications,, "_'e_,+u-'',,;,'÷ would remain a s*_,0,4,,

candidate for continued develo._ment. However, the engine con.pames had their eyes on the com-

mercial market where fuel consumption was an im.poxant consideration. The group under Pinkei

concluded that the compound engine and the turboprop were about equal in terms of altitude and

range. Because o.-"their relatively lower fuei consum=tion, both were su._erior to the ._,;,, ; +at- , _u.,,oJe,

s_eeds of less than 550 miles _er hour. For commercial applications, they concluded the

:"" _¢'_ ,$N _ W_..'_ _ , ,,. ......... ,""3 k.,_, - al
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compound enginewas superiortotheturbopropbecauseitexploitedthe known technologyofthe

piston engine and exhaust gas turome or ,u.oos_,pe, ch_,oe.. Now more less forgotten because
of +he current _ " " ' " ',. ,_ommatlon of the turo_e.=for aM aircraftengineapplications,between !945 and

the earlyi950sthe comoound engineseemed tohold _ ", g, ea_ promise for commercial olanes, itcon-

sisted of a pistonengine and propellerwith an exi_austgas turbineto drivean auxiliarysuper-

charger,i**eturbinedeliveredexcesspower tothe engineshaftthrough gearing.There may nave

been a hintof nationalprideinitsshortpopularity.While the turbojetwas a European develop-

ment, the compound engine had secure roots in A.merican turbosupercharger innovations. Ben

Pinkel'sanai"slsencoura_ea the engme companies to develop the compound engine,which

became forasho_ time theengineofpreferencefor!ong-range.oassengerfi;_÷..o..,.The development

of the compound engine was the beginmng of a new positiveworking relationshipbetween the

NACA and Pratt & Whitney. ss
T'=e _ _ ": *; _o" ' ' ' "r,_o.ga.,za.o:, . the iaoora,ory m 1945 toemphasize fundar._entalresearch reflected

the assumptions of leaders like Vannevar Bush Gnat research was the key to national survival, both

from a ntilita_ point of view and in the commercial arena. World War II was waged in the

research laboratory as weil as on the '-" *÷....._,a_,lef'_elas of Europe. P-ann'mg for the next war on the part

of the Amy Air Forces began before WorId War ii had ended. This planning emphasized the need

for continued support for science and tecbmology. _," " " " '..',,cNnmai superiority couid be a aeterrent to

future enemy aggression, s9 By carefully distinguishing fundamental research-the presumed pro-
vince of the government-from ,_ " * *",,eve,opmen,-_ne arena of private enterprise--National

._ronauticai Research Policy ex_presslv avoided leaving the " ; ,-', _,at,o,, s aircraft-engine ...... ÷. e¢ _,.. eme.,,s

exclusively in the hands of private industry. But where was the fine between research and

development to be drawn? The supposed connection between fundamental research and national

defense in the event of future wars mandated close ties between the Cleveland laboratory and the
Army, Navy,, and later the Air Force. "_',,s,,ese ties strengthened in the postwar period.

With the reorganization, the basic outiine of the management structure of Lewis was fixed

until the aavent of t_e Nat,onto Aeronautics and Snace "_ " ; +_ _ " o.-". A,_m;ms,.at.o.. in 1958. The "Su_wey .

,_na=me,,_=: Problems" set the research course of the ,aoo_o, through the mid-1950s.

Graduai!y the superioriV of the turbojet over the turboprop and the compound engine was

demonstrated. The turbojet demanded focus on tlne problem of developLng materials sucln as

alioys and ceramic and metal compounds to w_mstana the temperatures of the cot gases. The ear-

ly effort, in high-energ'y "" "' for_zquza orooei!ants rockets and missileswould :-* _ m.,..... _,_e. culminate in *' ,_

success of the Centaur rocket. -_- _,_ayea an important role inWo_ on the supersonic ramjet F' "

s_zmma.:mg basic research in aerodynamics and :,,,,,,_'"o*transfer. The ramjet work was applied : "_,

Navaho program, the Bomarc program, and the so-called "T" series of missiles for the Navy, in-

cluding the Terrier and Talos missiles. The early promise of nuclear propulsion, never realized,
nu_ured basic research in materials.

In April 1947 the Cleveland laboratory was renamed the Flight Propulsion Research

Laboratory to mark its transition from an engine laboratory, charged "_ff,th assisting industry with

its wartime development n."ob_.om_ to a laborato_ -;_", " _-_,_,_,,,,,w,_,, .:he ......... to explore areas in oropuI-

sion research that seemed to hold promise for the future. Tb.e following year, after the d'eath of

George W. Lewis, the laboratory became the Lewis Flight Propulsion Laborato,2,-. Lewis's name,

more than any other, had stood behind the NACA's reputation for basic research in the prewar

period. He had guided its work from the I920s through Wbrid War II, wimning the backing of key

members of Congress through the force of his personm:ty " "_; ""_' "" ' " to "1. aria .,.s S_ote-m_,aea dedication the
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institution he seined. He had taken an active pa_ in every decision, never losing sight of the

enablinglegislationthathad establishedthe NACA: the du_ "tosuperviseand directthescientific

study of the problems of Sightwith a view totheirpracticalsolution."Although hisbackground

was in engineering,his approach to the problems of aviationhad been practicaland down-to-

earth,in hisview.testingwas thepath tousefulknowledge-the careful_a._'.',_r:._and inte_reta-

+,ionof data--tosave industrydesignersunnecessary steps.Wind tunnels,not libraries,were

where NACA staffdid basicresearch.However, World War iiand the turbojetrevolutionthat

George Lewis had only belatedlyrecognizedhad changed the practiceof engineering.The

dramatic breakthroughs of V%rld War IIin jetpropulsion,nuclear fission,radar,and guided

missilesincreasedthe need for engineeringmore firmly grounded Ln science,The NACA's

engineeringtraditions,nu_ured by Lewis,would have to be leavened with a strongerdose of

anai>_icaitalent.
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CHAPTER FIVE

NEW EDUCATIONAL
DEMANDS

.Although tee N..C._ had re.D" capable engineers, it had few men and women w _,. advanced

training in science and c,'._ _ ,, _ ,eno-.ee_ng. The disparity between .me NACA professional staff, oeneraHy

with undergraduatedegreesin mechanical engineering,and the avaiiabili_of superiorresearch

facilitieshad increasedwith the physicalexpansion of the NACA during World War if.The

relatively !ow salaries .oaid to civil secants made it difficult to attract stm_ w_n':*"advanced degrees

in scienceand engLneering,who found theirskillsin high demand afterthe war. Edwin P.
u°.._o,_ head o_• ._,_.- ..... &,. NACA's Coordinating Office on the West Coast, wrote to headquarters to

prod it to action. To HaRman, the construction of new facilities seemed profligate without a com-
parable _g;_._to recruit scientific _ ' .... '",...... _ae_. "While spending mlmons of dollars and exertLng the

highest scientific skill in the design and construction of modern .,.sea.c_.-_* '." facilities," A_'+"_-.........

stated, "the Committee appears penurious and juvenile in its apathetic effo_s to provide research
brains."'. Between i%5 and !958 the NACA would struggle "_*;_,N w,_. the problem of ,_ec..,''';*:'_,,._:..g

highlytrainedindividualsin a paAicuiarfieldand retainingitsmost experiencedstaff,

Hugh L. Dryden, named in 1947 to succeed George Lewis,symbolized the postwar effort

on the partofthe NACA torecruitoutstandingscientifictalent.He had formidablequalifications•

Afterearningtwo Ph.D.'satThe Johns Hopkins University-one inphysicsin 1919 and theother

in mathematics in !920-he had spent the first 30 years of his career as head of the Aerodynamics

Section of the National Bureau of Standards. He had published widely on boundary layer theow

and w:na m-reel turbulence. As one of the country's leading aerodynamicists, he had attended the

Volta Congress on High-Speed Aeronautics in 1935 -:*_, "_w_,_ _astman jacobs. During V%rld War II he

had been appointed to both the National Defense Research Committee INDRC} and to WHiiam

Durand's Special Committee on jet Propulsion. Deputy to Theodore yon K4rmfin on the Science

Adviso W Board's technical mission to Eurooe. at the close of the war, he was we!l _cquamtec_" " w_tn"'

the British and German contributions to basic research in ...o,._.:_"-sp,.ed_aerodynamics and jet
propulsion. 2

Dryden shared Vannevar Bush's presumption that technology was applied science. Bush had

emphatically stated in Science, the Er,dfess Frontier: 24 nation which &pen& upon others for its new

basic seienti,_c knowiedge wiF, be slow in its industria',, progress and weak in its compeff_ve positio,,, in

world _ade, regardless of its rnechanicaZ sk_ 7,,s This statement was made with the awareness of the

enormous con_;,,uaons of _nt:sn and German theoreticians before World Vvar !I. k was this in-

teIlectual capital which Americans, in both universities and government iaborato_es, were begin-

ning to tap in the postwar period. Dwden knew that it was not enough to live off European
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"4. I ¢?_, , _ I , ,cao_,al, xne researca laooratory provided Americans "*'. wi_n the tools to contribute to the country's

"_ ' for ' " ,store of basic and applied science. Research was capkaz, a resole, the future. The "ntegritv
of +he NACA laboratories had to be - " * ,_ ". ^ p.o_ec_e,_ zrom undue imquence from industry, whose drive

for _rofits required them to focus on shorbterm F ' "_,rob_e,_s. Dryden was a au:et, religious man who

believed intensely that his job was to pro-

tect the "_ ._";.* " ",.,ea.Iv, ff and mdeoendence o_

tne NACA moora,er'_es unaer h,_s

stewardship.

• _* .-.0 _ mgniyDryden '-, "" : '". K;.ew _ha_, W_tb U*

trained staff, it would be difficult to con-

tinue the NACA's "_ -_comm,_me-,_ "to super-

vise and direct the scientific study of the

problems of flight with a view to their

practical solution." Missile development,

the atom bomb, and radar had created a

new generation og. scientists. _:* had

brought into being new national labora-

tories, like Oak Ridge and Los Aiamos, as

well as the import&nt " "" ..... _ 'umversIff-armza_ea

_aoora_or'es--tne Radiation Laboratory at
.-e Massachusetts : _:*"* ofms._,,:e Technozo_

and the Applied Physics Laboratory at

The Johns Hopkins University. After

WorId War II, many of _'
NACA Director Hugh L. D_/den succeeded the ">" o me national inborn-

George Lewis in !947. tories began to lose s,af,, who were

attracted to prestigious ,_os,_mns.;"" in

a_,'.,_- paying jobs inuniversities or _.o,..,.:

industry. Wr;"-,,_,,a national shortage' of scientists and e,,g,ne,._";"--s, "'m,._'NACA _ound" ;'",_hare" to compete.

inthe 1920s_d 1930sthe mystique offLg.;,had **- _ "a,, ac_ea talented engineers. During the Depres-

sion the security of a ci,Ai se_wice position gave the NACA the leverage to select the cre&m of its

a,_micants. Ne,&e_ aviation nor the civil service nan the same appeal -'* "• * aRer tlae war.

Addison Romroc_ and other NACA staff worried aoout the :moiications of these changes.

_a, "" " ' mat the Ford Motor Company. &anda.a Oii o_In a i946 memo Ro.,,.oc_ mformea Sharp "" ' , * "' . New

Jersey, Genera Motors, DuPont, and other companies had announced ' -.a, ge-sca,e expansion of
their research _-'-"'_'-- ' ' _ _ _' : to,_,.:_._. Locally, ent_'-_eve_ saIaies were com_r_o-.'e those of Cleveiand-area

firms, such as Standard Oii of O,,,o, Brush Development Company, Dupont, Thompson Products

_I_,e.'^+ - ":RW"_,an_ the Weatherhead Company. However, taese' companies could offer appreciably

oe,e. salaries to a_ract NACA engineers in the mgner professiona I grades.'; Between !945 and

I956 this probIem would _lague _' ". me:,r effo_s to recruit and - * i"• e_a, personnel. In i95! john Victov

sub_,.k_ea the first draft bill to me Bureau of Budget to neonate this probiem by exempting the

NACA from some Civil Se_'ice regulations. The response of the Civil Se_'ice Commission was not

sympathetic. It argued that the oreferentia! _ * o _ '. _.eam,_ent . tae NACA would allow it to pirate oer-

sonneI from industry and other agencies, a practice that might jeopardize the programs of the

Depa_ment of Defense. In 1955 Dryden gained the support of the Industry Consu!ting Cormmittee

by. pointing out that the s_a,:mg*'_" of NACA wind tunnels (completed under the U,,-_._'_:*_"Wind
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Tunnels P!aniwas inadequatebecause of the personnelceilingfixedby Congress.In Dryden's

view,however, the ceilingon salariesin the "; :__.v_ se_ice categorieswas even more damaging to

theNACA, which was losingkey personneland couldnot findreplacementswithoutsalariescom-

mensurate wi_ _ose of industry.Not until1956,as the NACA periodwas drawing to a close,

would dne NACA finallyobtainlegislationfor competitivecompensation,s

In the earlypostwarperiodthelaboratoryhad tocope with thissho_age of researchbrains

by fallingback on itsown resources.Itsstrategywas to ferretout talentfrom within.The "big

- _ _ experienced staff, but theyswitch" o; 1945 to researchm j_e+_propulsionaaszenea _h_ exodus of

were the very men who had been tiedto the old pistonengine technoio_. Because turbojet,

nuclear,and rocketpropulsionrequiredthe shapingofa new community ofpractice,therelative

inexperienceand yo_,& ofthe _ : :._r,.mam,..ostaffwas an advantage._..eywere flexibleand eagerto

prove themselves,and reorganizationcaught theirimaginations.Waker Olson recalled,_'A

number of us did not thinkthatwe were even o_<_c_ir_otostayand work forthe oOVe_nme,.,_- _'_The

war was over.What were we goingto do now? But _" - *_ne_.we reorganized.You ge_a new respon-

sibiii_and some new chMlenges and you say,'Well,Iwilltrythat.'Next thingyou -know you've
spent a lifetime. ''6

Jet propulsionrepresentedan educationalchallenge.Surprisingly,in the early postwar

years,the Case Schoolof Applied Science,locatedon the eastsideof Clevelandabout 20 miles

from the iaborato_,played only a minor rolein the effortto prepare the stafffor the new

theoreticaldemands of jet propulsion.The reputationof Case (renamed Case Instituteof

Technologyin i947}had been one ofthe sellingpointsinthe NACA's acceptanceoftheCleveland

Chamber of Commerce invitation in 1940. However, u_,/ike the close connection between the

Califomia Institute of Technoio_- {Ca!Techl and the Jet Propulsion Laboratory, or the NACA Ames
!aboratorv with Stanford '_......._smvers',zy, the intended .zona',ng between Case and Lewis L_,o_o.y_"-_* _-

had only pa_iai success. Work in aeronautics had begun auspiciously at Case in the 1930s under

PaN E. Hemke, a Ph.D. from The johns Hopkins Umversity. He came to Cleveland from Langley

after the unpleasant experience of attempting to work under the autocratic German theoretician

Max Munk. During Hemke's tenure m Cleveland, Case had built a low-speed subsonic wind tun-

nel. in i935 Hemke recruited John R. Weske to found a graduate program stressing fluid

mechamcs and aeronautics. Weske, a student of Lionel S. Marks at Hazard University, had

worked with his professor to produce _e first axial-flow compressor based on the isolated aiHoi /

design theo_,, an approach' ÷',na_*" * - camem_e_ into standard use by American designers. 7 During

World War !I, Hemke leh Case to found Rensselaer Poi_echnic institute% program in aeronautics

and later became Dean of Facul V. Weske hung on at Case with n'lmmaI suppo_ for new facilities

until I944, when Case temporafiiy abandoned work in aeronautics because of the Ioss of students

and faculty swept up by the draft or lured by new opportunities offered by the e._ansion of
industry and gover_'zment laboratories.

The C_eve-:ana laboratory coum not wait for Case to re._mm "..isaeronautacs pro_,ram.o W':._;..... n

the Wind Tunnels and Flight Division, Abe Silverstein created a Specie Projects Panel to attract

badly needed analyticaI talent from other divisions. Ai'*&ough theoreticE aerodynamics could not

be swicfly _ewed as related to propulsion, Silverstein recognized *&at the problems of jet engines

were also related to supersonic aerodynamics, where _&e design of the inlet was particularly

suscep,_o_.etothe special.'conditionscreatedby E_g_ atsupersonicspeeds.Accordingtoformer
"t" 4- I

staff member Eli Resao_&o, WhO later joined the Case faculty,. Sii"verstein strongly believed _&=,,^+
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in addition to the more applied work, research at more fundamental levels ought to be
supported, s

Silverstein asked jonn Evvard to head _h,. Special Projects Panel because ne was one or the

few staff with an advanced degree in physics. Bvvard had written his Ph.D. thesis at CalTech on

ion aom_ardment usLng mass spectroscopy. V_:tm_, the division, S:_verstem orgae/zed study

groups _a_ _ ...'_e+.weekly, often on Sunday evenings. One group humorously, called :tseE"' Brmsag,"" _,

the reverse abbreviation of gas turbine. The other group claimed the name of C_nosrepus, or super-

sonics spelled backward. A staff member selected a research topic and reported to the others "so

that he could bring the others up to the level *" __na_ he had reached. ''9

Silverstein asked E_ward to begin his work in supersonics by preparing a report, on Allen

Puckett's iinearized theory for three-dimensional supersonic wings. When Eward o_ected that he

did not know anything about supersonics, Silverstein replied that it was new to evewone else too.
He handed Evvard a copy o; _ ' "_ '• uc._:et_s paper as Eward le_ for a laboratory-sponsored trip. Evvard

read it on the plane..AEter the presentation of his repo_ to the members of the Special Projects

Panel, Evvard continued to think about PuckeR's theory. It appeared to be superior to that of the

German aerodynamicist Ac_eret, who had Gea_, with two-dimensional wings at angle of attack.

Puckett's supersonic wing theow allowed the wing to be contoured; it could have any plane

shape, but required supersonic leading edges. Eward thought that the theory could be extended

_o _,_c_uce wing tip regions with subsonic leading edges. He was able to set up an integat equation

that greatly simplified the original theory. This paper established his reputation and was the foun-

dation for the future work of Lewis Laboratory in supersonic aerodynamics. "After I came up

with my wing tip theory for supersonic wings," Evvard recalled, "we mustered a sizeable effo_

in supersonic aerodynamics to capitalize on the breakthrough. '':°

Evward's simple but elegant solution to the problem of thin, finite wings stimulated other

members of the division. WoEgang MoeckeI, who later took charge of the _'_ ""..,.eoreacal Section of

the Supersonic Propulsion Division, tackled the design of a supersonic inIet What was the best

aerodynamic shape to ensure the smooth passage of air into the engLne? He carefully studied the

wor_ of He .... =,. Oswatitsch on me spike inlet before e,eginnmg his own work, wmcn soon went

beyond that of the Germans. in generai, early supersonic work at Lewis Laborato.'T. focused on

various ._'q,'pesof diffusers and the inlets for supersonic ramjets, z_ By 1947 the workers had

developed from a group of novices in the field into a research team that made significant contribu-

tions to supersonic wing theo U, despite complaints from Langley that the Cleveland laboratory
should stick to propulsion.

In the late !940S, through its own errors, the laboratory had estabE.shed a reputation in areas

such as supersonic aerodynamics. In 19/+9 Bvvard was able to persuade Frank]in K. Moore to join

his stall. Moore had worked at CalTech under WHIiam Sears, one of Theodore von K&m_a','s

outstanding students. Moore's contributions to three-dimensional and mnsteady boundary layer
theo.,-v _" "'_....... , -n. s_zm_,_,ed others to tackie .:neoret_ca_ prob-ems. By the early ..9a_,s, papers by Leroy

Turner, Herbert Ribner, William Peri, Clarence B. Cohen, Wolfgang Moeckei, Harold Mireis, and

others established Lewis Laboratory's reputation for basic work in supersonic aerodynamics.

The basic outlines of some fields necessary to advance engine development were only begin.

m,,o to ta_e shape m the i940s. :or example, tribotogy-the study of friction, lubrication, and

wear-did not yet exist as an engineering discipline when Langley hired Edmond Bisson in I939.

Bisson moved with the Power Plants Division to Lewis Laboratory in i943. During World War !i,

work focused on quick fixes for piston rings and cyE.nder barrels. However, in 1945 Bisson and
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x

his staff were able to turn to more fundamental problems. When the nature of the work began

to change, some of his o,,_,o_o:rhired during the war, iost interest and left the NACA. Bisson wanted

research people for his division. It was not sufficient to solve friction probIems, for example, sim-

ply by coating a surface and testing to see how _._worked. He needed people who would ask, what

is physically occurring when two metal

surfaces, separated by a thin film,

interact? His staff needed knowledge of

boundary, layer theory and chemistry to

understand the moolems of lubrication,
i- • &.

ruction, an_ wear. Most of the group who

,.aae the transition from the piston

engine to the gas turbine engine had

degrees in mechanical engineering. Bisson

saw the need to make the Division of

L_._,r.c_,..o,, "" *"_'rlc_Ion, and Wear more

:ntem.sc;em.a:T. He looked for people

with different backgrounds in science,

and he hired _ g'<ca, e_ _..[y.

We usuallyhad to _oe_ some-

one from another field and
:::::::::::::::::::::::::::::

we were do,_g, why we were

doing ,_;*and what was involv-

ed technically. We were al- John G Evvard, appointed Chief of the Supersonic PropuI-

ways looking for the creative sion Division in 1949, took charge of the Lewis Non.Credit

.:wpes... My own philosophy Graduate Study _o_am.

was _nat you rare the creative

veopie, the "- : '. _,eop_e who have

inquisitive minds, and you. encourage them to come up with ideas. You tell :_'_'_,,,._,now

here is the problem. Now what can we do to solve ......._._9Ao_., the ........mera_sc,p_m_

concert was hi'. imnortant because we would kick around some of these ideas "_"_

kv,.op_e with] _:*:':_'",:'"" : " "-- ...... _ ._ac:<grounes and it is amazing what the comments wouia be

,¢- rr_ ' " . IO-o... the other people and the _ -," ,," -, " ' "co._t,m,_,o, that the other peoMe couh gwe such

an idea... We had tremendous morale and tremendous outvut. _z

Bisson's :" ";; -_' .... * " "e:v.s.o.., naa two branches, one for Iuor,.cat-on ;," "_.'_ _-".,m_,,e,,_,s neaaea by Robert L.

johnson and the other to study bearings and seals under William J. Anderson. They approached

lubricationproblems ushng _ ' ,,hod, analysisand experiment.From thelate1940s throughthe _96vs,

_ms divisionwon-teaioestablishthebasic *" ''' +" firs.*,ou_imes oftribologT, The puo.aca,mn ofone ofthe

textsinthe field,Advanced Bearfr,g TechnoI%myin 1965 by Bissonand "_ ,_, A,,,erso_. marked tribology's
coming of age as an engineering discialine. :s

LEWIS LABORATORY AND CASE INSTITUTE OF TECHNOLOGY

_e_'ee:. 1946 and _9_2, the very years that the new fields of ", - ;,- -_ " ; *s_,pe, som,.s a,a _e, propulsion

made the Cleveland iaborato_-'s ', _: -"eauca_;o._a, needs most pressing, .the aeronautics program at
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Case Instituteof Technology languished without support for facilitiesor new faculty._ The

"make-shift" equipment at Case stood in striking contrast to the impressive new- faciiities for

research at Lewis Laboratory. In 194% to compensate for the weakness of its program, Case

offeredevening extensioncoursesleadingto a masters degree.These courses were taughtat

na,amg junior H_gn School m La_-:ewooa,a su_uro on Cleveland'swest side close to "_.IP,,.
!aborato_.'_'" ....:ms saved N_,C_,employees the triptothe Case campus. _ne courseswere .:augatby

eitherlaboratoryperso,m',e!{who were designatedas adjunctprofessors)or by Case faculty

members. So highly regarded were these extension courses that some Case students were

motivatedtodriveto the west sidetoattend.Research formasterstheseslandin a few casesthe

doctoraldissertations_was done usingthesuperiorfacilitiesthatLewis Laboratorycouldnrovide.

Evening courses were offered on the Case campus in mathematical foundationsof fluid

mechanics, taught by one of the members of the mathematics depa_ment. Eugene Manganiello

assumed a s_,ong role m the organization and teaching of these "ou ....... " _:...... Ma.:ga,.,e,_o had earned

hisbachelorsdegreeinelectricalengineeringfrom the Ci_ CollegeofNew York {CCNY} in 1934

aria his masters degree in _9oo, at a time when t_e CCNY was ex, e,.,e,_ se!ect:ve. He was typical

of the bright and a_iculate engineering students from middle- and lower-income families that the
NACA attracted in the !ate !930s.

ne inadequacies of the Case offerings in aeronautics were not unusual sv American stan-

dards. In contrast to German technical institutes, only a handful of American universities offered

zorma, courses in e:ther aircraft gas " '"turome technology or supersonics during World War if.

Suitable English texts for these subjects were not available until the !ate 1940s. 7,n_odz_ctior. to

Aerod,/namics of a Com_ressib!e _ "" :" , . ,, _,uza oy W. H. Liepmann and A. E. Puckett was _ubasne_ in _947,

aoou_ the time t_at courses '_nsupersonics in a few, -,_ ._ :+_u,,.v_,s:,.esi.::_eCaiTech}oegan tobe offered.

For the study of gas turbine technology, Aurel Stodo!a's Steam arid Gas T,_rbir_es, published in

translation in 1927 and rennn.:ea maw times up to I94_, was ai_ _na.: was available. This was a

comprehensive work on allfacetsof steam turbine technology.; itincluded some theoretical

discussionof the subject,but focused on turbinesmade by specificcompanies in the field.The

sec_o_ on gas turbines was short because of the lack of interest at the" time the book was w_._:+_:,_e,.-,

Despite its limitations, before 1948, when the P_,,'_cipfes of jet ,_opu_,sion and Gas "fi,_rbir_e_bv M.

J.Zucrow of Purdue Universityfilledthisgap,Stodoiawas a basicreferenceforengineers.Abe

SilversteinrecalledstudyingStodola,and a well-thumbed copy of thistwo-volume work in the

!aborato_-Kbra_ atteststo itsusefulnesstothe firstgenerationofjetpropulsionstudents.They

taughtthemselveswhat they needed to_'-.ow.

The continuingnationalsho_age of engineersinthe early-i950stantalizedCase instituteof

Technology w,_h the _romise of new opportunitiesm o.aa,,ateeducation.Case " '.... _aa a solid

undergraduate program in engineering, but to become a first-rate engineering institution, it need-

ed to strengthenitsgraduate offerings.This new directionaffecteditsrelationshi_with Lewis

Laborato_'. in !947 the university • trustees chose T. Keith Giennan to take the reLns of the

presidency. Kom .._,,,.b.e origins, G!ennan _ad a solid eng,.neenng and ausmess bacKgrouna. The

son of a train dispatcher, Glennan attended elemental, high school, and college at the state nor-

real school in Eau Clair, Wise. With the railroad in his blood, he aspired to a career as a railroad

electricalengineer.He transferredtothe SheffieldScientificSchoolatYaleUniversity,where he
married the ' _- -oaug,,_e, of a well-known pro:essor of economics. After graduation cure Zaz_dein 1927,

G!ennan worked for the motion pictureindust_ for ten years as an operationsand studio

manager. 'DuringWorld War If,he concentratedon the development of sonar as head of the
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Underwater Sound Laboratory at New London, Conn., operated by Columbia Umversity for the

Office of Scientific Research and Development. :s

Giennan's presidency transformed Case from a small regional technical school focused on

undergraduate training to a major engineering institution with strong graduate programs. He set
in motion ' '- :pmns to ore.ham the engineering curricuha_, and sparked a drive for faculty that ended

in a 60 percent increase. Hard &'iving, gregarious, with a retentive memory for facts and figures,

he raised$40 millionforten additionalacademic buildings,as wellas additionaldormitories.:6

Glennan's vision included a strong program in the humanities to supplement the more narrow

engineering disciplines. He supported interdisciplinary programs, including graduate programs in
the" * ......nlsLory of science and the history of tecnno_oglf, and the :ounamg of the 3ournal Techno'_oFy

and Cut, re by former Case pro._essor Melvin Kranzoero. To attract an im.oressive facul::y for these

programs, he won a substantial grant from the Ford Foundation.

In i950 Glennan recruited Ray Boh from 'Lewis Laboratory to head an Aeronautics Division

to be set up within the Depa_ment of Mecharfical Engineering. A graduate of Case, Boh had

begun his career with the NACA in i940, first at Langley and later in Cleveland. In 1946 he en-

rolled in the Ph.D. program at Yale University. He taught under Hemke at Rensseiaer while he

was completing his disse_afion. Boh was the first of several Lewis staff to be drawn to the Case

faculty, a group that included .Louis Green, Paul Guenther, Stun Manson, Alexander Mendelssohn,

Harry Mergier, Simon Ostrach, and Eli Reshotko. The presence of the NACA laboratory in

Cleveland thus contributed to raising Case's standards and reputation in aeronautics. By 1950,

Case had awarded 25 degreesto Lewis employees,and Lewis had provided employment for !50

graduatesof Case.

in 1951, to upgraae the graduate program :n aircraft propulsion, aerodynamics, and oenera_

fluid mechanics, Boh and others at Case decided that their program could not depend on pa_-

time students, provided to a large e_ent by the NACA. :7 Bolz worked to build a resident program

centered on the Case campus with full-time faculty teaching full-time students. Requirements for

the Ph.D. were to include one year of residency.

To continue to teach extension courses on the west side would have divided the effo_s of

the small faculty, since any course would have to be taught twice. The Case faculty in charge of

piannmg the new propulsioncurriculum criticizedthe past practiceof using Lewis Laboratory

personnel to teach courses: "The men teaching were competent, but full-time research jobs left

little time for development of good graduate courses. '':s This statement requires some scrutiny.

_,wara, a Ph.D. from Ca: ..'eta, for example, had " _" ' u ' . tocre_enaa-s eq "a or su.oerior those of the Case

faculty.Lewis Laborato_ personnelcould teach the new principlesof jetpropulsionwith the

benefitofspecializedknowledge acquiredthrough the study oftheoryand experimentallyinthe

laboratory's wind tunnels. NACA engineers and scientists had studied the German documents

available_rough " " _'_Wng,._ Field, and they had the benefit of interaction with the German pioneers

of the caliberof Hans yon Ohain and Anseim Franz.In contrastto thislargeand supportive

enginee_g communi_- atLewis Laboratory,in 1952 Case had an Aero Division"_._a__consistedof

only three full-time faculty members. Facilities for research were also lacing until the !ate !950s,

when Case completed a Jet Propulsion Laboratory.

Although itwanted todrop the west side + _ -,ex.ens.o,,courses,Case hoped to ._eepitstalented

pool of pad-time students from Lewis Laboratory. it instituted a program of !ate afternoon classes

on the Case campus that full-time resident students, as wei! as NACA, Thompson Products, and

otherindust_-employees could attendafterwork. The laboratorypersonnelwho had previously
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taughtthe extensioncoursesturnedovertheirlecturenotesand courseoutlinestothe Case facul-

ty.The end oftheirformalconnectionwith Case,in Eugene Manganielio'sv'ew,marked the end

of the school'sdependence on the NACA forthe most advanced knowledge in the field."This is

an example where the schools, partially because of the national security restrictions, were unable

to keep pace with a rapidlyadvancing technology.Our effortsin thisregardwere designed to
"" _z.

assist the college unt_i such time as ,_ was able to inco_'7_orate this advanced materia/into its own
curriculum." "9

On a graduate level, Case now could offer five courses in incompressible, compressible, and

viscous flow theo_; three aircraft propulsion courses: aircraft propulsion principles, compressor

and turbine theo_, and advanced gas turbine power plant design: and one course on the dynamics
of a.r,,,af_ and iae tha"m_ssnes. "_ new arrangement meant ,_ Lewis employees now had a

45-minute commute after a day of work. Although some iaborato_ personnel did make the

_ourney to the Case campus to complete their degrees, the new, more stringent Case policies had

,:he enect of ,.,.w_,..o_,.o_:_c; Lewis .personnel to look to more .prestigious _,.st'_':+":_o_.s'_when they con-

sidered graduate work. When a division head encouraged a staff member to go to o,,_au_e_;_^", _ school,

he lot, in very rare cases, she i often passed over Case in favor of Brown, Columbia, C_Tech,

Rensseiaer, Cornell, the Massachusetts institute of Technology, or Cambridge University- in

England to spend the required year of residency. They brought the benefits of contact with faculty
in these schools back to Lewis Laborato_.

The firstengineerstoseek advanced trainingdid not receiveany financialsuppo_ from the

NACA. They took leaves of absence and paid their tuition out-of-pocket, with the expectation of

a *-*o__"_".... civil service grade when they returned. In '_9_,-Mw_tn•" _'me._assage of the N::ACA-G,_ aa"-_,a_e_

Study Leave Act, it was possible to partially compensate employees for their loss of salad,.

However, tuition stiN had to be paid by the employee. In the first year the act went into effeci,

the laboratoryna,_a o.a,..mo of $_u,000 forseven Darticipan.ts.By 1958 ithad 51 par-

ticipantsand a budget of $3:,00u. Ome, personnel took graduate courses at their own expense.

During the same period the D,.par,..e._"_"_ -* of Defense could offer much more generous financing

for the training of its scientists and engineers. The laboratory had to wait until Sputnik forced the

passage of the government Employees Training .Act in _uty 1958. This act provided a uniform
gove_,,me,._-w_o.e _ :-" _ .... .,ta,,.:n o program. Only then was _t possmze to cover .. me expenses of graduate
education for Lewis emp!oyees. 2:

When Case discontinued its extension courses on the west side, Lewis formalized the

seminar approach practiced since the days of Br_tsa_ and Cinosrep_s. it began a program of free,

non-credit, in-house courses. These courses had the advantage of focusing on areas related to
general aspects o,-"current - _ ....wo._, at the _aoora.:o_. They fostered -',_-,-; : ,_ ..... * co...... ,_,_.cat,o,. among GIVISIOnS,

thus stren_hening an interdisciplinaryapproach to common problems."Courses taughtat the

Lewis Center," Manganiello pointed out, "also offered an excellent means of communicating
a_,vancea conce_ts develooed by- one particular research _..... to. . o,v,_ otherswhose researchactivities

were in broadly related fields. ''2z

in its first year the course attracted I50 employees. 7ohn Eward took charge of the cur-
riculum.. _n i95i the _^'-" .... •,_,o,a_o.y offeredcourses on neat -__-* tra_,s_er,taughtby RobertDeisslerann

Simon Ostrach,who laterjoinedtheCase faculty._ohn Livingood,a Ph.D.from the Universityof

Pennsylvania, taught mathematical analysis. Dr. Robe_ B. Spooner's course in theoretical _hysics,

ong;nally a Case course, also became part of the non-credit offerings• Members of the staff of the

Compressor and Turbine Division used a team approach in their courses in that subject, and
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chemical background for combustion research was taught by members of the Fuels and The>

modynamics Division. W_+a. weekly +'_a ' ,.... meea,oS of two hours, one on the emp-.'oyee s own time, the

courses were regarded as an important supplement to the experimental work of the laboratory.

They were rigorous, with required mid-term and final exams, zs

The imprimatur of an advanced degree did not necessarily guarantee that a particular in-

d_vlaua couId be useful to the laboratory. As Walter O,son, .:hen chief of the Combustion Branch,

expIained, ".4 professor nurtured in academia would likely not have encountered and diagnosed

the physical problems involved in the new types of propuision systems."2_" Educated at Case at

the end of the Depression, Olson had gone to work for Lubrizol, a Cieveland-based company that

made oil additives. Since much of the Lubrizoi research was being carried on at Case in Carl Prut-

ion's laboratory, Olson remaLned at Case to earn his Ph.D. in chemist.- 3, and chemical engineering

in 194i. He was wee acquainted with the pace and prerogatives of academe. When he looked
I 1

oacx on the engine s_ua_mn:'• _" a_er VCorld War il, he ex'pzamea.... that a formal degree program did

not always meet ±e needs of those who were deeply immersed in the pe_lexing problems of jet

propulsion. His remarks highlight the sense of urgency and impatience to get results in the Cold

War atm.osphere of the late 1940s. National securiW concerns shaped the research programs of

government laboratories. "We were trying to _, _ " ' "on, into specm.:t_es fast. We needed to get out to the

cu_ing edge and sometimes it was more useful to bring in a specialist in a -" "+'"" -_a. a,.ula field. ''zs

ERNST ECKERT AND THE HEAT TRANSFER FRONTIER

Ernst Ecke_ was just such a speciaiist in heat transfer-a ; -_*; * 'sc,e .... s_ who had worked at the

Luftfahrtfo_schun. .gsansta:'t. {LFA!,. _e German laboratou for basic research at Braunscnwe_g' "

during World War II. Presented with the opportuniw to bring him to Lewis Laborato_, Abe

Silverstein, t_,e laboratory's new Chief of Research, lost no time in seizing it. EckeX a " "-. ccep_ec a

generous offer from the NACA and left Wright Field for Cleveland in 1949. He brought to Lewis

Laboratory -knowledge and ex._erience of basic work m Germany in ;'_÷._ro._ulsion and, more im-

;x)rtant, a new approach to the problems of heat transfer, i_ was &.ou_., ms role as a teacher at

the laboratory and later _-" u:,._ the University o.-"Minnesota that Eckert - :'pe, sona,_y reinforced °

_'ne_can synthesis of advanced German work in heat transfer begun by Wilhelm Nusselt and his

successor, Ernst Schmidt, at the UniversiV of Munich. z6

By traimng and experience, Ecke_'s '-" " ' _na_ of is American coi-. _,ac:<grouna contrasted with "" *

leagues, who struggled to _md ways to ac :m,e advanced training comparable to that availao!e m

Ge:Tnany before World 9vG- II. He completed a Ph.D. in mechanical engineering at the German

Institute of Tech;,omgy in Prague in 193I. L,_noUea by photographs turbulence and separation

of fiow of heat, in 1934 he chanced upon Abriss der Str&nungsiehre, Ludwig PrandtFs introduction

to fluid mechanics. "' " ' . .• ms was a turmng point in his inteLlectuai aeveio_ment, it rec.uired a leap of

the imagination to see that Prandd's boundary layer theory couId be appiied not only to the flow

of air over the wing of an aimlane but also to the complex processes involved in the transfer of

heat.._:ter study with _e we_-_nown expe_ in radiative heat *_rans_e.,__ Ernst Sc:.mm_,'..... at &,.

Institute of Technology in Danzig, in 1937 Eckert followed Schmidt to Braunschweig, where

Schmidt was head of engine research.

.:,>"Germany basic and applied research were kept physically separate. Applied research was

caried on near Berlm at the Deutsche Versucnsans_m_ f'ar Luftfala_ (DVL). The concentration of

more basic research at Braunschweig allowed considerable "," _ "*" ...m_e,a,,aon between theoreticians ;--

volved in engh,_e research and those in other discipImes, particulariy _uid mechanics, in contrast,
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the NACA had isolated its engine research at one location, preventing the fruitful exchanges with

aerodynamicists that Eckert had enjoyed at Braunschweig. Adolf Busemann, Herman Schiichting,

and Ludwig Prandti iat nearby Goettingen) were his colleagues. These associations reinforced his

awareness of the importance of fluid mechanics in the stud,,- of heat transfer. His book, W£rme

und Stoffausta,_scfi, applied Prandti's

boundary laver concept to heat transfer

problems; it was not oublished in i944 as

he had expec'.ed, because Ailied bombing

repeatedly destroyed the plates for the

book. In 1940, almost immediately a_te-: .

Hans yon Ohain had demonstrated the

feasibilitv of jet propulsion, Eckert's

Division of _'_ - " _"...e.moavnam_,.s dropped

piston engine _ - _' ' '.esea_c_. ann aegan to focus

on the problems of turbojet engines.

Through his resea.cn using an optical in-

strument developed in the !ate 19th cen- :_:_:_*_*_*_

turv--the Mach-Zehnder interferometer-

to study heat transfer, Eckert began to lay

the theoreticai basis for turbine cooling. 27

caer_ was among me 260 scientists

and engineers invited by the Army Air

Forces to come to the United States under

"Operation Paperclip" in 1945. 2s At
"'We are trying to get into speoiafffes fast," dec_,ared Waiter_A_ight FieId Eckert joined Hans yon
T. Olson, Chief of the Combustion and Fuels Di'eision.

Ohain, Theodor Zobei. Anselm Franz,

Helmut Schelp, Alexander L'ppisch,

Eugen Ryschkewitsch, and others who had been doing advanced work in high-speed

aerodynamics and jet propuision in Germany. At the expiration of his one-year contract with the

Army in 1946, it was renewed for an additional five years.

Because Ecke"+.... was the first to -"_,.c%,..zec,_,_the usezumess"" of ti".e"Mac._._'-Ze,._.ee_"' ".;._e.',_""',e.o.,e,e,"- -," * -

for basic studies of heat *- ', _ he anxious to ' "_" " *_,_"_.a,.s,er, was nave one built at Wright. "_ela so ,,._ _'.e could

continue work begun in Germany. z9 The success of the American.buiit intefferometer made it a

model for other intefferometers at universities such as Rutgers, Ohio State, and the Universi_ 7 of

California at Berkeley in the late 1940s.

The Air Force appears to have viewed Eckex as too valuable to lose prematurely to a univer-

sity. Eckert was denied permission to ioin L. M. K. Boeiter's heat transfer group at the Umversity

of Ca'ifornia at Los Angeles. 3° However, the Nr Force had a keen interest in assisting the

research in jet propuision in Cleveland, and with the funds for expensive experimenta! apparatus

more available to the NACA than the Power Plants Laborato_" at Wright Fie!d, Eckert was allowed

to become a consultant for the Cleveiand iaborato,'T. He was assigned to the Turbine Cooling

Branch under Herman Ellerbrock to complete the iast two years of his contract. Eckert's presence

stimulated the group in turbine cooling to move beyond the foundations of heat transfer !aid by

%: H. McAdams in his book Heat Transmission, published in 1933. s"
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When the !aborato_-embarked on a study ofthe solidand air-cooledturbinebladesofthe

Junkers Jumo o04, Ecke_ pointedout the limitationsof Franz'smethod of internalaircooling.

Heat had to penetrate the metal blade to reach to cooling air in the interior, a siow and inefficient

process. He encouraged _'_e iaboratow to consider other me_.ods of turbine cooling. At

Braunschweig he had begun to explore potentially more effective approaches like transpiration,

film, and natural convection liquid cooling. At Lewis Laborato_- he continued this work. "!

developed, toge_er with members of the Turbine Cooling Branch [at Lewis], the _eo_" of these

cooling methods by analysis and furthered their development by experiments. ''32 Film cooling,

now in generaluse,pa_icularlya_ractedhim, and he spentmuch ofhistime advocatingfu_her

basic research on this method. While at Lewis Laborato_, he also worked out the theories for

transpiraNon cooling and natural convection liquid cooling. He had begun to expe_ent with

variousmethods of applyingthesenew theories,s3

ADVOCACY OF BASIC RESEARCH

EckeWs effo_s to turn the opinion of _e Viscous Flow Panel in favor of basic research were

only partly successful. He suggested that more precise values of Prandtl numbers were necessa_

for b2.gh-temperature investigations and proposed a method to measure these numbers based on

work he had done at Braunschweig. In a memo prepared for the panel, he suggested hhat a test

set-up,based on the anai_icalrelationfor a fiatplate,could use a cylinderto investigatethe

temperature relations in the gas rio','. After consmera._Ie discussion, the panel agreed that Ec:-:e__ s

proposal demonstrated a "pressing" need, but recommended that this, _esearcn' be undertai-_en' by

a universi_, s4 Exactly why Ecke_ failed to receive support for this basic work is unclear, but it

"_?+; _ese_,.c,, such a fundamental revelwou_aappears _at Lewis's leadership was sk.._,_,cal that ," _," _' at _ "

yield tangible results.

Eckert chafed at the emphasis on applications at Lewis Laborato_. Unlike the clear-cut

German organization of research, which kept basic researca and applications separate, at _,e_s

there was a shifting, never quite defined, line between them. Those who practiced on _ne most

analytic levels were never allowed to lose sight of the connection of their research to the improve-

ment of American engine technology. The organizational structure, which usually included fun-

damental and applied branches wi_in divisions, reflected this suppos'tion.

Tes!ing of full-scale turbojet engines was, in Eckert's view, less valuable than work on

isolated problems using scale models of components. He advocated a careful, systematic

approach,working from simpletomore complex experimentalrigs.Ecke_ viewed Silversteinas

a man "too eager for quick results, and not patient or meticulous enough" to allow research to
proceed in a carefuland _ ....raaona" manner _rom mmp-.'e turbine wheels consisting of one stage,

through models of several stages up to full-scale testing, ss Si!verstein was willing to skip steps to

reach the hardware stage, where full-scale testing took over. He could never see research as an

end in itself. Eckert did not feel that the role of a research laboratory was to design engines or

components. P/though Ecke_ was allowed to set his own research agenda, he did not have an en-

tirely free hand. He was frustrated in his desire to address the entire range of basic heat transfer

problems. For example, Ecke_ could not work on the problem of aerodynamic heating, an interest

that he had developed at Braunschweig in comnection with the supersomc flight of fi_e V-2.

Silverstein appears to have preferred Eckert to work on calculations, rather than build

expensive experimental apparatus, although he did au_orize the construction of several _._ tur-

bine wheels for Eckert to continue his work on natural convection liquid cooling after Eckert had
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worked out the theory, with a Lewis mathematician, Thomas V_: Jackson. Why a Mach-Zehnder

intederometer for heat transfer studies was not built at Lewis Laborato_ is not entirely c!ear, but

it seems that Ecke_'s personal research interests were viewed by Silverstein as subordinate to his

role as mentor to _e capable, but not as highly trained staff at Lewis. Robert Deissler, a quiet

giant in _e heat transfer field who spent his professional career at Lewis, recalled Eckert's helpful

attitude and his abili_ as a teacher to make extremely complex subjects appear simpie. 36 George

Lo,,; later DepuV Administrator of NASA, worked with Ecken on a heat transfer problem in con-

nection with the design of nuclear reactors, s7

EckeX stimulated the work of others both directly through work on specific problems and

through his course in heat * _ _ _'_r_naer. He used his text, Introducffor_ to ,he Trar_sfer of Heat and Mass,

translated at Wright Field with the help of Robe_ Drake, to teach a semLnar in heat transfer, ss

After Eckert left in I952, his book continued to serve as a te_ for courses in heat transfer.

Why Ecke_ did not press to have a Mach-Zehnder interferometer built for heat transfer

studies at Lewis is not clear, but it seems that Eckert's energies were directed toward fostering

anai_ical talent. Members of the Instruments Di_sion built an interferometer for studies in

superso±c aerodynamics, but Ecke_ had no contact wila this work. Donald R. BucheIe and

Wai_on Howes recalled that they used the early papers of H. Snardm as a guide in buiidLng *'me_,:"

first interferometer. By the time they could take advantage of the presence of Eckert and Zobel

' ' tne_. instrument to a ooint that rivaled Zobei's Ge .... a._-_,_,at Wright Field, they had perfec_ea ' "_ _ " .... _-,_:._
intefferometerJ 9

Ecke_'s impatience with tl.-,.eapplied emphasis of the iaborato_, his interest in teaching,

and his desire to see the field of heat transfer established as a coherent body of knowledge pu_ed

him toward umversity research. When he left Lewis in 1952, after turning down an offer of an

endowed professorship at Case, he established his own heat transfer laboratory at the University
of Yfinnesota. There he buiit his second Mach-Zehnder intefferometer.

Ai.:nou_h his tenure at the laboratory was b_ef, Ecse_ s association laid the foundation for

an extremely creative and productive group in the field of heat transfer. By the 1960s German

work in heat transfer had become ",_ _, ^÷ '_ " " "1,.,eor_,e,_ mto the genera curncula of the best schools. When

the streWh of the heat transfer group at Lewis Laboratov was at its height, graduate schools like

• e Massachusetts Institute of TecKnology, Corneil, and Purdue had active programs in heat

transfer, and Lewis staff were recruited from these programs. Robe_ Siegel, for example, worked

under Warren Rohsenow at the Massachusetts institute of Technology. He wrote, with john

Howell, Therma! Radia_on and Heat T,'ansfer; this basic text, now in its second printing, has been

translated into twelve languages.

In terms of basic research, the heat transfer group seems to have come close to £ae

Braunschweig mode1. Robe_ Deissler recalled that it remamed the philosophy of the group m fun-

dmentai heat transfer that problems should be "approached in such a way that results might

have some ias_hng value, independent of a particular application." Ai&ough the group took up
4. l.._roblems that coui'd appzy to aircraft nuclear: propulsion, "the _ "_c_ _t,.a_nuc-ear propulsion never

quite materialized as a viable scheme did not lessen the value of the research, which aided in

understanding heat transfer in a varieV of situations: '_ The A:.nalFical Section at Lewis

Laboratory, became a center for basic research on the probiems of radiation, convection, and con-

duction, a distinction '.t held -":" " ". u:,_ _e early 1970s, when government suppo_ was drast_cm_y
reduced. .1
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"HELL, MAN, WE'RE NOT INTERESTED IN HOME HEATINGT'

Simon Ostrach's career at Lewis sheds light on how the iaborato_ encouraged basic
research -:*_: an; *", ; ," "

msa_uto._a_ framework whose main focus was the improvement of mroojet

engines. Ostrach graduated from the University of _node Island with a degree in _ _ .-.:..... ec.a._.ca_
engineering in 1944. At Lewis Laborato_ he went to work , ' " ' 'unaer jonn Sanaers to find quick fixes
for the burned-out oistons of the Pratt & Whitney R-2800 ,_ ' " ". a,^_ tee exhaust valves of the Wright
R-3350. William Perl, a theoretical aerodynamicist who transferred from Langley in i944, was the
!aboratorv's" "' _ " ,'res_aem gemus." He served as .:he role model for " : ' : "', aspmng theorists h_:e Ostrach. PerI

had designed one of the early supersonic duct tunnels at the laboratoQ _. in i946 he took a leave

of absence to study under Theodor von K_rmln at Ca!Tech. By chance, Alexander Mendelssohn,
a branch .... el, noticed >.% +. _ . ,_-. anaiy,_cai ability. In i947 Sanaers suggested that Os,.ac.. ge.: a Pa.D.

Ostrach went to Brown University to study in the Graduate Division of AoMied

Mathematics, at that time one of the outstanding programs in the countQ _. George E Carrier was

his thesis advisor ana' mentor. He studied nuid_ mechanics under Sydney Go'.dstein, C.C. Lin, ana

Vva_ace D. Hayes. Ostrach recalled if:at ms professors rejected one thesis topic after another until

he heard about the thesis topic of a fellow student: the problem of gas bubbles dispersed

,mo_,hou, a solid material, it was a problem m heat transfer by * 'na_urea,, -, +; - .... ',.o,;vec_,o_,, an InQ:vldua-

bubble treated as a horizontal cylinder of circular cross-section and infinite length. Ostrach sug-

gested a second approach to the oroblem, allowing him to *- _+ ;t ' '_e_, _ as a ooun_a_- layer oroblem.

This appealed to his professors because bounda U layer theo U was oniy beginmng to be applied

in the study of heat transfer. ".20strach completed his thesis, "A Boundary Layer Problem in the
Theo:T of Free Convection," in !950.

After graduation he >,'as offered an assistantship at Harvard University, but the salary was

!ow. Abe Silverstein promised him a double jump in civil service professional grade if he would

come back to Lewis Laborato U. Ostrach was assigned to work under John Evvard, who informed

him that workers with doctoral degrees were expected to produce 2.34 re._orts oer year, which

filled Ostrach with trepidation. Evvard gave Ostrach permission to work on buoyancy flows, still

w,om territo W for _heo_eaca_ in TT,_.._,_ tO "._._v; . "•nvesa.ga_o,_ ti_e ,_.... e,, States. He decided sn-_,,,fl_ the ._rob-

!era he had tacMed in his thesis by examining free convection about a ve_icai fiat plate. He solved

the problem deductively with the heip of a colleague from another division, Lynn U. Aibers, using
a Card Programmed g!ectronic Calculator.

At one of the periodic research reviews, Ostrach presented a summa W of his fiat-piate

theow; Silverstein exploded, "Hell, man, we're not interested in home hearingS" F_,_wardwas hard-

ly more sympathetic. He never missed .*,heopportunity to scoff good naturedly that Ostrach was

"becoming the world's expert in a field in which no one was Lnterested. ''as Fortunately, Bckert

was makLng his weekly visits to Lewis Laboratow at this time. E.cke_ encouraged Ostrach to con-

tinue. He told him that Ernst Schmidt and W Beckmann had solved the identical orobiem in 1930!

Ostrach needed a justification for his work, and Ecke_ may have told him that E_'nst Schmidt had

used natural convection to circulate a fluid to cool turbine blades. Ostrach began to refer to the

paper ne was preparing as _a_ura_ convection parallel to a generating body force" to imply a rela,

tionship to turbine cooling. "But anyhow," Ostrach recalled, "I started making all t:zis noise about

the importance of it, amd i tried like bee to justify, it. ''e_ Sho_iy afterward, the American Society

of Mechanical Engineers (ASMEI accepted Ostrach's paper describing work on buoyancy flows.

Coincidentaliy, Ernst Schmidt, then on a visit to the United States, Manned to a_end the meeting.

gcke_ asked Ostrach to accompany Schmidt on the train from Cleveland to Chicago. Ostrach
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described his work ann gave Scam:a_ a copy of his paper, not knowing what to expect. After
Os_racn s oresentation, Schmidt rose and introduced '". mmsek as a "pioneer in this _.....

o ...... eme_ soundness of Ostrach's caicuiatons and his approach to the orobiem. The
Chicago meeting, Ostrach recalled, was the "be_nn:'-<, of "o" __"o aiong, friendiv,and _+;._.,_-+_-,_rela.
,,o,_smp between us, '"_

Fortunately, Ostrach : ',ouno another iustification for his work when Ben PinkeI flagged him

down for a ride on his way to the laboratory when Pinkel had a flat tire. Since Pinkel knew that

Ostrach was working on :-,,o_ transfer problems, ne invked Os_c:. attend a meeting with

Admiral Hyman Rickover. Rickover described how the earl)' sodium-cooled nuclear reactor for
submarines produced c;.....o_e_e; heat transfer in tae _- :com_o_ rods than they had expected. _;,:,-'-;-<,

over the oroblem, Ostrach -:, _ " _n_ natural convection cou.:a be the cause. _ was told, _.,s.,oges_ea +' ^_ , , , ,,,

nO"" _'*";'_ terms, ' _ _,- .'_nc,.. _.., that _,a_ ,.ou;d not be the case since ',-+ "_-:'._.u._. convection was an innocuous oro-
cuss and could .......o_ oossibiy -esu :._in such large heat transfer.''° "_., "" ' ,_ " ,'_.oiis Atomic Power Laoora_orv

later veifled Ostrach's orediction. Ric_:over s reactor oroo:.e__ p_owaea Ostrach wlm material for

ms next p_e., L_.... n& Na_ura_-Convect-on Flow and Heat _" _ r;_,...,xans,,.er of Fluids With ann _\ .,-.o,_
me_ Sources in Cnanne!s -_' " "wxn Constant Wail Temperatures. ''4_

Few oeoo!e were mteres_e_ c " _" in _._.;,._na_ura! o,vecdon the early 1950s. _owever, Em.._ .... M.
Sparrow, a young _ ..... ' :"iv - ;_ - ". s_uaem working at theRaytheon Corporation, nan noticed
some of +" _"Os,.ac. s paoers and wrote *_o_ he_,_ was interested m v_,._,;;_,_ " ' " u,_"

...... :'_'o sonde Ot _iS sO_,_dOnS

expe,m,._<_,._.Ostrachencouraged him tocome to Lewis Laboratom-towork with h'm. Soarrow
returned to Harvard for a o ..... "

n.D. and later jo,me_ Eckert and another former Lewis colleague, Perry
_mcKsnear, at t_e omvers:tv of Mm,eso_a.

In the_:" -_ ":, _;,_ ' ......... a-:9o,_s S,._ ers, .... created the App:uea Mecnamcs Grou.D within Evvard's division.

This group consisted of Ostrach, Steven Masien, :ran:<_in Moore, and Ha.o_a Mirels, who shared
the same office• Moore and Ostrach +_;' "'_ ' to 'h- -'; ,_ " -,o"com_,,au_ee , _ee u.me..s_o._,, unsteady boundary laver
t,:eorv. Mne_s ann Maslen :ocusea on acoustic - -,-_:-.<, • , ..... sc_e_ .... .o. In :987 al: four nan acmevea tt:e
.o..es_ ,.,_s_,nc_,o._ conferred on an ,_a:-, ,_,..,' _,- ",." ,, : . ,e.o..eer,

Engineering .'s -,e-.o...s.m :-- v'e Nat'_ona Academyof .... "

A_.ouo:_ mev were generally : _ ';e;t atone to oursue +:_:,:,- .:,.e time Abe. . _ ..e_ own work, from +:_ to

S_.:vers_e:n would call on Fis "academicians" to tackle a problem re"ated to the real world of
e., o.... s, where ''proo_ems were still generally approached "' :_: ^::" ... _ne _ee,.p:.,c_,_y. For example, :,_ "' '-*
1950s research had turned to helicopter ramjets.

So, of course, the first _;-_ _, _ _hev did was build _" _..... o _.a .... , ._e.,. And they were _ ,:..o '

.o_om v_._. them. _rang _Moore_ and i asked for a bnermg or sn",'e*;,{,._ We asked

_,-a_ was _,,e oroblem? Tnev answered .*_,--,,they were _. _÷;,-- ....• oe ..... g very oac, ._., +,_,...... CO._OLIS..O;.•
So Frank andlwe,_ +' : ': " "

oacx _;t was ._{.... ;" " because i was iooking for ;ust:_;_'_-*;,,-,
for doing these buoyancy ' " ' or ' ,rune _ flows) . and we snowec _:_a_the flow would break

uo zn rues,, ag voXices. It is most :" ' the r:nes_. _:_:ezv piece of work that Frank and i did,
' '_*_': ":"that " , ,_ .; . ,_'"_ : son ..... n_ anybody knows aoout ;__'_'_ And sho_iv "" "•- ,m:.ea.e. they stopped

ou:ia:ng those nercopter ," -..: ' for . ,:me. _-_&.ie_s a :ong oeriod of *" "°

,%- _ " .C "
• _iS "^+'":*;,o* _' _: _{ : 0 ¢ " ,. ,ao .... ,_.... _.__ne _neore.cm work . the Soecia! Projects Panel, the Aoo_:ea Mechanics

Grouo, and the Heat Transfer Grouo had a great impact on the work of the "_, ,:£* -- • "

Co ........... e.. to oas:c researcl- was probably never more :nan 5 to i0 oercent of ' '

resources, s° Relative to the costs of ÷ +;-_ "'_: _' :; " ' o " ' ' '
. .es.;._, w:.;c., took a .o. s snare f the laboratory's ouage:,
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it was not expensive. A room, a pencil, a slide rule, and computing facilities, when available, were

often all that basic res,.arcn required.

The influence of these men lay outside the laboratory through their NACA reports a_nd

papers in the Transactions of *",_e ASME. Their presence at the laboratory was due in no sma'.!

measure to Abe Silverstein's co,._'ni_._ent to basic research. Like D_-den and Vannevar Bush, he

believed that basic research was the nation's technical capital. Although SilversteLn was more

comfortable with creativity expressed in tangible objects-a new compressor or afterburner-he

usually recognized the value of the theoretical contributions of people Eke Ostrach. A new theory

was like a new piece of hardware, something on the shelf, ready if it was needed in the future.

Our functionistoleadthe militaryservicesintothe most favorablesetofactionsthat

we can. :_,ey ,e always interested in an airplane .:nat will fly faster, father, _.;_,,"

And they are always looking for this, and they come initially to you to see whether

you have something in your pocket now that you have created that would make

something possible that wasn't possible before, s_"

The significance of the laborato_-'s theoreticians in the history of the laboratory does not

lie in what they contributed to on-going work. During tiffs period the bread and butter of the

laboratory sti_ remained full-scale testing of turbojet engines and components. Rather, what the

laboratory, provided to young theoreticians at a formative time in their careers was incentive to

continue their educations and a nurturing environment for creative work. They stimulated each

other. Beyond the publication of their papers and the recognition of their enginee_.g peers, they

were free from the demands of teaching or tangible product. Their theoretical skills were com-

plemented by comparable mechanical " _ --'_ o.-" "moen_,i,y on the part . the laboratory's suppo_ se_ices

personnel. They could build a small supersonic tunnel or a test rig, or modify a computer to test

tlneir results experimentally. They were at Lewis Laboratory at a time when engineering was

becoming more scientific. Ernst Eckert had modestly written in the preface to his important te_,

"r_isthe opinionof _e authorthata physicalprocess',sun_ers_oo_thoroughlyo_ly where itis

possibletocalculatetheoccurrencesfrom basicknowledge and when thesecalculatedresultsare

checked by experimentsY s2 American engineers did not yet have sufficient theoretical tools to

understandwhat happens insideenginesaspredictablephysicalprocesses.L,'movationingas tur-

bine engines in the 1950s still came more from systematic testing of full-scale engines than the

theoretical approach of Lewis Laborato_-'s academicians.

i '
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* *; at ^ " : *_ " ' " 9 _,a,_on 1961 _nnua_ Meeting of _,_eSociety of Automotive Engineers, _a Janua W 1961.2._, NASA
Lewis Records.

z0 "Planning and Goals," CWRU Archives, 19FL, 2:I.

2, Manganie£o and "'_ ",,n_av'_.,, "Post University On-the-job Training."
2z ibid.

as Syllibi for courses between 1952 and 1957, 296/'116.1, NASA Lewis Records.

2_ Telephone conversation with Waker Oison, i2 September 1986.
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C H A P T E R S _ X

OPERATIONS
Y/lit�It RESEARCH

Operations research feli at the applied end of the research spectrum. It concerned when to

certifyan a,_rpianezor_,_-v_.ant ianding,itwas an opportunitytosave i:ves._ve., area
SO close to _,_v_^_; ._,_,_-_,._.o_.s or deveionment t_e NACA shaped a ... •.... _s research to _fiummate general nrob-
iems tO '_" ': +'_

oe ..... _ _n_ entxre meustrv, During World War !i icing researcn was unauestionably

"development," as distinct from _undamental research. The anti-icing hardware devdoped for

military aircraft during the war was only a short-term sMution to the icing problem. A fundamen-
tal "',_ : - + ,_ ';."o of_,.,oe. s,a.,G,., o what .-, _;'-,* ' " " "co,s,,,_,es the icing ciouc was necessary, m ._.at.:,._.,_the NACA began a
program to com._ile statistical data to define ;c;-c, ,.o,o:""_";*:_o:.s,"_ ,",_,',':-,_*{-.- "...... ;'*_.... s '" the 1950s ;n
8,_,e_ .... sfortheceagnof_ ",-" *,_*; .- '" ' " - . •,ce-e.o,_c..,o., systems, wmcn became tae basis for _eaera regulations

in certifying these systems. As it evolved, icing research became a discipline that combined both
theoreticai and experimental approaches.

^;_''"_g_" is " i,, . _:eh" ,'-_,- -o,g .... ' Aicing on =.... _.. causec _,y ,_8--_ .... OUo., an Icing cmuc: consisting o.-"small supercoo,e,.,
drop:.ets that strike the aircraft surfaces and freeze into a porous white mass calied rime ice. If

larger sunercooied dronlets strike "o " " " :...._n,. arcra:t, not a'i of the water freezes on ,,.,p,_,., As "_,_
..... ,,_.&es and enough neat is dissipated, the - " ,- " ' " •,,xa_e, freezes into a c..ear, ham mass called g_aze

ice, a much more serious Soo_em because it is _uncu_* to remove. Ice adds -_e_8._,*:-_;'* and im._airs

the aerodynamic efficiency of an airplane, often leading, in severe conditions, to a crash.: After
_' of .....
me bombing Pearl Hare, or, mmtary nianners s_,go,.S_eo"c,_, • " ,'_n_z_._'memost promising route for an ,--

vasion o." Japan was across Alaska anti the Ale_._,n islands. A,_c_;a_mg severe anc._ icing

prob!ems_ the Army asked for a broad attack on many fronts. Genera/Electric, the Massachusetts

L.s,_,,_e of Technology _MI,....._, and aa farce _x_,.,= ,aoora_or'es .;omed the oa;^.,,,._to find ways to

protect aircraft from this silent enemy.

a:._._,_,_ nowered by piston engines ',-';,_ " ' •. a ..... g World War II, _ce accumu_atec on the nro-

oeiiers and the o!ane's leading edges, blocked the air intakes of .',he '_"_'_'_o.,_es,and choked the" ",'o,-

bu "_'.*',,,.,,.,,.Icing of windshidds cut down .oiiots' visibiiitv. Before the war arcra:_""_ manu:acturers"

used a simple, inexpensive, mechanical method to remove ice. An inflatable rubber boot was

fitted over the leading edges of the wings and tail. When ice began to build up, the boots ,,,,'ere
inflated and deflated to "',_ _-off '_x,,oc= the ice. _ = "_.owever, the boots impaired the aerodvnamzc effective-

ness of the _..,._,_.... _+'¢_,surfaces and increased drag. These clumsy ana" ........;_,a,'r._._;.-._,}v,.,_me_,ecave::_ *"

de-icing methods had to be replaced with a more aerodynamicaEy efficient system of ice preven-
tion. Heat to .... " , .

pr,._ e:._ :ce buiid-up seemed to promise a more satisfactory metnoc to conquer the
icing probiem. 2

109
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Much ofthe wa_ime researchinicingby theNACA focusedon thepioneeringdevelopment

o_ a tnerma_ ant:-:cLn__ system for "':' _ : ......- _, mn-,a.y aircraft. A_._nough the idea of alveRmg the nea_'_ from

the engine's exhaust to the leading edges of .:he wings and _ ,-. was not new, prior to the war, air-
craft manufacturers were • " 'unw:I_'_ng to incur the additional production costs required by" a thermal

anti-icing system. Under Army auspices, engineers at Langley, led by Lewis A. RodeO, designed
and installed a thermal " * _ "s_s_e_.,inthe wings ofa Lockheed 12 airplane,the NACA's nrstso-called

"flying iaborato_." Rodert continued tlnis work at Ames. After _ght testing the new system, in
194! ,< 'Ro,_e_s group issueditsnrst:repo_ ,_emo,:s_:.g_*"_" the feasibilityof using eymaus_-aeate_''_ "

wings to protectagainst;";-'_ s

During constructionof the AltitudeWind Tunnel at Lewis Laboratory,an icingResearch

Tunnel was added to the originalplan to take advantage of itsextensiveand sophisticated

"_:'_'" _ " , ' " " + _u_,ne,in Clevelandwould be usefulix_e.._oe.at.o,.system. Itwas nopea .:ha,the new icing• -, :

assistingin the development of RodeO's thermal system. Proposed in 1942 and completed in

spring1944,the icingtunnelwas not oartof the originalplan forthe laborato_.However, itis
one of the few facilities ' "'_ .....oun_ aurmg the war sfiii used :or its original funct:on. Because the

designersof the icingtunnel,Alfredv, . _ ...._ouno ann CharlesZelanko,though.:thatthe icLngproblem

would be solvedwithina sho_ time,theyproposed a tunnelsuitablealsoforaerodynamic testLng

of engine components.

Young and Zelanko were aware thatthe designof an icingtunnelwas farmore complex

than that of a simple wma _u,_ne_. The need to simulate the atmospheric cona:tlons of an icing

cloud presented them with an extremely demanding engineering problem. In hindsight, it is

apparent that neither the science of meteorology nor the state of engineering hnowiedge was ade-

quate for the job at hand. ,is Zelanko later recalled, they knew how to design ordinary wind tun-

nels, but the problems of creating icing conditions were almost without precedent. "Logic, theo_,

and speculation were the only design tools that were available. ''_ 0nly when the tunnel's spray

system was replaced in the early 1950s could tumneI tests yield accurate icing data, Until then,

flightresearchprovided more reliableirdormationon the phenomenon of icing.

Icingtunnelswere not entirelyunknown beforethe proposed Clevelandtumnei,but they
were smaller and did not have _',_ " _- "_ ,- *: ,-_n,, advantage of the extensive ^efnoe.a_,o_ system Carrier had

created. However, Young and Zeianko studied the * '" : ....._m,ne-ofthe B. F.Oooar_cn Company iA_:ron,

Ohio}, wmcn manu:ac_urec rubber pneumatic de-ic:.ng boots, and MI_ s specla icing wind tm,_-

nel. They proposed a tunnel ";_" " 'x_,_: a maxamum speed of about 400 miles per hour with a 7-foot

x i0 foottestsection,laterscaleddown to a 6-footx 9-foottestsection.To simulateicingcondi-

tionsinthe tunnel,airwas cooledto -30 oF by passingitover the finsof the heat exchanger.A

spray system introducedan atomized stream of water into_is refrigeratedairstream.The un-

naturallylarge size of the water droplets remained the problem that defied solution, s

As the tunnel began to take shape,Wilson H. Hunter took charge of the IcingResearch

Section. A i930 graduate of Yale in mechanical engineering, Hunter brought firsthand ex2oe_ence

in the design o-'_robber de-icers from the B. _._ Goodrich Company. However, by _v'm_e"_944," when

Hunter supervised the tunnel's first test, the era of the h • ' ,_,mec.,amcm de-icing had passed. , ne wind

,m.nel tes,_-,o program focused on testing components of Rodert's thermal protection system• This

work was unabashedly hardware development. More basic research would have to wait until the

feverish activity of meeting wa_ime demands could yield to a more measured step.

The NACA made extensive use of a simple instrument to measure ice ' _" itaccumulation, con-

sistedof rotatingmetal cylindersof _,':̂,_ ";'_: *o,_au_e,,,,,am...e_e,s.By measuring the thicknessof the ice

i!0 ,,
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buildup, the researcher could determine the mean size of the water dro._iets, distribution, and

iiquid water content in the icing cloud. The group at -_es grappled with _he problem of defining

the characteristics of the _czng cloud using a s,=_is_:cal approach. What range of liquid water con-

tent, drop size, and temperature defined an icing encounter? The Ames project under Alun Jones

was strengthened by the additional talent of William Lewis, a meteorologist on loan from the U.S.

Weather Bureau. J. K. Hard),, on loan during the war from the British Royai Aircraft Establishment

at Farnsborough,tackledthe problems of heattransferin a nea,,.d"*= wing, a stuay'thatculminated

in an importantpaper publishedin 1945, "An Analysisof the Dissipationof Heat in Conditions

of Icingfrom a SecNon of the "Wing of the C-46 Ai_lane.''_

in 1946 Lewis Rodert took charge of ,h..icingprograr._at the Clevelandlaboratory.In a

March 1947 memo, !Rode_stressedthe importance of gatherLngs_=as_ical'_"+" dataon icingclouds.

These data would allowthe CivilAeronauticsA&ministrationto craftreg'Mationsto certifynew

m,c.a_ ifthey met guidelinesinprovidingice-protectionequipment. Reliabledatawere needed

because of the "generaldisagreementover what constitutesa safedesign basisfor the heated

wing/'7 The Cleveland and Ames laboratories collaborated on this program.

Wilson Hunter Head of the Ding Research Section, demonstrates the dangerous icing _ t"o_ .he propeEers of a
P-39 after a wi_d _nneZ test. Genera z,Arnold (ie_] and George Lewis (far !eft/listen attentively.

11
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Harry S. Tr',_rnan presents Lewis A. Rodert with the 1946 Collier Trophy Nr the "_artirne deve ",.opment of a ther-
mal ice protection s/stem.

By 1948 _&e program had loggeda totalof 249 icingencomntersand had taken about i000

measurements of liquidwater content and dropletdimmeter.This was a collaborative_:_,_

researchprogram car_ed out by the Air Force Ln the upper MississippiValley,by Ames in the

West, and by Lewis Laborato_- in the Great Lakes area. john H. Enders, an intrepid pilot from

Cleveland's Flight Research orogram,, flew 'dne dangerous missions over Lake _,._;_,_,bringing back
his Consolidated bomber encrusted -;_. inw,_., ice. October the NACA group ,,_ 'prese,,_ea a tenta_ve

table of design conditions to the NACA Subcommittee on Icing Problems. T:'_Asrepo_ defined the

parameters for which icing protection was necessary for safe operation, s The statistical data in

this NACA repo_ became the basis for tiae design criteria for federai requirements for aircraft

icing protection adopted by the Civil Aeronautics Administration in the mid-I950s. In reflecting

on tae success of this effo_, William Lewis wrote in i969, "Considering the fact that we had data

from 16"7 encounters in layer clouds and 73 in cumulus, statistical extrapolation to a probability

of i/i000 was more than daring, it was down right foolhardy." Neve_heless, more recent research

using a much larger data base confirmed the conclusions of the I949 repot. 9

In i949 Abe Silverstein asked L-'ving Pinkel to take over as the new associate chief of the

Physics Division. Supervision of icing research fell among Pinke!'s duties, it appeared that NACA

work :.n icing had _ " '.. ,eacnea a natural point of termination. Ames closed down its program and

i12
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transferredequipment and personnel,includingW_am Lewis and D. B.Kline(alsoon loanfrom

the Weather Bureau}, to Cleveland. Silverstein thought _at icing research was too close to

development and should be phased out, but in Pinkei's "_iew the ic':.ng group was "very able and

much maligned:' Previously, Pinke! had worked with the icing group as a member of the Wind

Tunnels _nalysis Panel to encourage a more analytical approach to the problems of icing. Born

in Glovers_Ile, NV., he _aduated wi_ honors from the University of Pennsylva_ia ix 1935.

Pinkel began his government service in Pi_sburgh, Penn., as a physicist with the Bureau of Mb, es,

where he worked on synthesizingliquidfuelsfrom coal.In 1940 he joinedhisolderbrotherBen

at Langley,where he focused on the nonstationaryaerodynamic forcesof airpbme SuRer. He

transferredto Cleveland in 1942 to work on the hydraulicsproblems of engine lubricating

systems. A member of SilversteLn's Special Projects Panel after World War ii, he contributed

pioneering papers on lift and thrust developed by heat addition to the supersonic flow beneath
an airplane wing. :o

PLnkel listened attentively to his staff's arguments for the continuation of icLng research. His

engineer's sixth sense told him _at terminating it was premature. "I saw that the people who
were involved in it were, in fact, +,-,,;_,_ ,, " -_ " ",, :,_,_ to create an e_,_ee: mg disciplLne out of it, winch seemed

the correct thing to do: 'it Instead of closing down the division, he broadened it.

But what did it mean to make an engineering discipline out of the work? The cut-and-try

testing of components had characterized most of _e NACA's prewar and way/me icing research.

Postwar engineering demanded analytic s_is. Testing without analysis as a guide was expensive

and time consuming. The icing group at Lewis was composed of men with mechanical engineer-

ing degrees, the majority of whom took their first jobs with the NACA immediately after gradua-

tion. Women with a mafinematical bent, but usually on!y high school graduates, assisted the men

as computers and data takers. As a whole, the staff at Lewis lacked the analytic skills that basic

engineering research demanded. _ffer the war, a process of seiSseiection took place. As the man-

power of the icing division was reduced, the engineers who remained began to form a corps,

A NACA pilot measures ice

on a turbojet engine's inlet.

UntiZ !950 flight into icing

cZouds provided more

reZiabie data than tests in

the fcing .Research T,_nneI.

Ii3



ENGINES AND I'NN OVAT_ O N

which devdooed an attachment to icing as a disciMine. They began to assimilate and ;-'_,,'o*_ *-.:-* _,v- O*- O. :. e

new knowledge from the fields of heat transfer and meteorology.

Like many of their cMieagues in other areas, such as supersonic aerodynamics, they + c,-_. ,auoa,_
themselves- -_ " " ;;*_, "_,-a_ mev needed to know• V_,_. ties to ,:he National Research Council of Canada and

the Mr. Washington Research Station and access to Soviet data, they were in the mainstream of

world icing research.

Under Pinkei's direction, the icing group focused on extending the basic unaers_anmng"' ' of

the icing cloud, m>,ev..,launched a new research program with the commercia" airlines and the Air

Force to gather statistical icing data from areas throughout the world. They developed a simplified

m,._e_ that could record the frequency and intensity _cing conditions
automatically. The meter was installed in about 50 commercial and military aircraft that flew over

the North Atlantic, the Comm .... a_ United States, Alaska, the Pacific ana pa_s of Asia. Over a

period of five years, data >,'ere gathered for !800 icing encounters. The icing meter was superior

to the rotating mukicylinder method, not only because it did not require the constant attention

of research ._ersonnei, but, more imoortant, because of the .a._, greater number o_ ..... "e,-co_.me, sane

r_nge of conditions that it was now possible to record• The .ota.._, muificylinder orowoea aa,:a

for a small -" ' : "_* ;"* ,.o.m._o..s. Now - -,*:.:umoer of i_,._s ,.:_o deliberately sought, abnormally severe, ," -" '_': ,_ ,o..ne

n.gms into all degrees of severity could be monitored, in aaamon, weather reconneassance infor-

mation gathered over a two-year period by the Air Weather Service and the Strategic Air Com-

mand was made available to the icing group at Lewis• All these data were entered on IBM ounch

cards for analysis, :,,_, of " :" ' .....us:,. s one the _rs_ ,BM com_uters at Lewis. _2 ][nc_ _-^"oen,.,_,, the aata supported

the findings of the laboratory's original study, adding, in particular, new knowledge about the ver-

tical and horizontal extent of icing encounters. Because of difficulties in the calibration of the

meter, me results were not e ..... el,; consistent for ,:he icing rate ana _mmd " _ " ,.o._e_,_.>`a_e, " _,+ .a ,a

k",o,*he, problem _;- : ;,,_ ............. e ,c..s researchgroup tackledwas the complex analysisof theDarn of

awater droplet.As an aircraftmoves through an icingcloud,onlya smallpercentageof thesuper-

...... _:_ "• aircraft ' "_ majo,_+v of the ero'olets followcooled aroplezs ac_,_aa_ :..... an " ' '. s,...e an_ freeze. _.e ....... .

streamlines that move around the leading surfaces of the" a:rmane."• -_\r;_,.... the knowledge of the

water content and droplet size {determined by the rotating multicyiinder technique], it was pos-
sible to calculate the '_," _ _ _ o g " ",...op_e, trajectory. _.e rate . _cmg on a given surface or shape of a compo-

nent could then be predicted. _'*The Lewis group extended .he available data over a range of air-

;oil.....shapes and thicknesses ._'-.,'ou_,>.o..me" use of a ,.,,,:.,_,_,,_'_'_g...... :-',' analyzer. Harry. Mergler of the" instru-
_',,ent and P""",'<'-'_ ..... ' .... _r_ ,"..... ,.,..... _ Dw_szon adapted tins early computer c_esigne_ at MI _ by _a .... eva Bush to

meet the needs o_ :crag research......_.o .... calculating the *-_:sec_o,y'" of a drooiet, was stm a

• '_;_'"_"';_' "_: " " " ..... _ took for a single cmcu_atlon fromlaborious process, the _,_...... _.. a,=.,_ze, reGuced *_'_' time :.....

weeks to about four days• Women who had formerly worked the problems on simple mechanical

ca_cula.ors ma_e ,me iranslt-on to rne _ ,-c; -_.,_,_ -,:r^_,_,;_- iy :*:. oa.oaa,_,a. _,_,= .... a: aria zer w:_n comparative ease•

Often they were given the distinction of having their names appear as co-authors of the reports

of these -,a: no ....... of' "s_,._es, doubt because their contribution - ,-" " ....... e.we,_ beyond the sheer d..dse_ _ ',, .....
...... '" ' ' ' " the ,,.,<r_ ,,_ : •crunching." :,_ aacnton to reducing the ,:-me for arduous ca_cumt-ons,•., _ a,_e,e,,t.a_ analyzer

was a potent'ai teacher o-" >.:_m . ,._, _, "'_ ,he ' " : "' ' ".._m..ma.,.s. calculusunfolded.,_.e_ mecnan'cahy _nrougn the

• "' >': *> Ofgearing ano shafts; the chart recoraers _a_,g.,_ the operators "to _.a.,e_-_-"_.;e _.-,a.e:""* meaning the

differentiai equation." The machine trained them to think in the same logical steps that the
'" " .... _"in'_ ;-_ ' ' " the' ' "'reaCh'he grovna _'_.o. o..... ak.,.o a ca_cu_atzon. Through oar:< door, women assigned to to:_
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on thisgiantcalculatorgained accessto the abstruserealm of partialdifferentialequations-a

realm in which not allen_neers hired duringWorld War IIwere comfortable._s

With new information now available on _e phenomenon of the natural icing cloud, the tun-
4. t,

he! engineering s_aff set about the redesign of the spray system for the icing tunnel, long recog-

razed both within the NACA and by outside authorities as inadequate. :6 The droplet size was ten

times larger than the statistical definition derived from actual icing encounters, and instrumenta-

tion for measuing the properties of _e a_ificial icing cloud was lacking. Vernon Gray, known as

"Mr. Icingologist," took this problem under his wb 4. He directed the effo_s of Halbert Whitaker,

a fluid systems engineer, to develop a system that would produce an atomized spray. Day after

day, through trial and error, the team perfected the design, which consisted of a bakery of approx-

imately 80 spray-nozzlesmounted on s_ horizontalbars.The system produced an icingcloud of

approximately 4 feet by 4 feet. To verify w _" '_.etner tests in the tunnel accurately reproduced actual
• "t _.

fligm conditions, the heat transfer data obtained by J. K. Hardy at Ames in his famous study of

the heated wing were compared to tests on the same wing mounted in the icing tunnel. The data
were in agreement. :7

The spray system was a complex engineering achievement. It was now possible to run tests

that were much closer to natural icing conditions. At this point the tunnel became a valuable

research tool, and a group that included Dean Bowden, Thomas Geider, Uwe yon Giahn, Vernon

Gray, and james P. Lewis inaugurated a new program to test cyclic de-icing systems. As fi_e era

of high-speed, high-altitude turbojet fighters and transports dawned in the early 1950s, it became

clear that thermal anti-icing systems required an excessive amount of heat. Bleeding this heat

from the engine severely impaired performance. In a cyclic system, ice is permitted to form on

aircraft surfaces. This ice is melted and removed by aerodynamic forces at inte_'als by short, in-

tense heating periods. The new program at Lewis Laborato_ may have been stimulated by new

research on intermittent heating by L. M. K. Boeker's heat transfer group at the Universi_ of

California at Los Angeles. is The study of thermal cyclic de-icing systems required a level of

sophistication in the field of

heat transferand aerodynam-

ics unknown in the wa_ime

era. :9

Between 1949 and 1955
_." k_-
_:g_._researchalsocontinued.

In addition to checking the

resuks of tests in the tunnel

with the performance of the

new systems during actual ic-

ing encounters, the flight

_esea.c.: group evamatea the

rotating multicymde metnoa

for determining droplet size,

distribution, and liquid water

content :,hw_,. a view to un_er-

standingboth the stren_lnsof

the technique and, more im-

portant, its limitations. This

It too;_ a fe,._ days for women "computers" to mechaeicaE2 catcuZate

the trajectory of a water drople_ across an airfoE on the gears and

cams of the huge di_erentiai analyzer, acquired in 1949.
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Verr,on Gray inves._'gates the new spray system, com_oZeted_r, 1950, /or the Icfng
Research _._rzneL

was "normal engineering" in the sense that it involved no dramatic scientific or technica'.

breakthroughs, but an e_ension and refinement of previous kmowledge and practice. For exam-

pie, using dimensionless parameters, Rinaldo J. Brun, William Lewis, Porter Perkins, and john

Serafini produced a technical report that calculated the impingement rate of cloud droplets on the

rotating multicylinder. The repo_ shows a solid command of bounda_- layer theory, heat transfer,

experimental physics, and instrumentation that sets it strikingly- apm_ from the simole, empiricism

of the reports of the mid-1940s. The discipline had indeed been placed on a rational basis. 2°

Ironically,.the steadyim._rovement_of _e jetplane contributedto _e phasing o._""of icing

researchatLewis Laborato__in i957.By thelate1950s,_neturbojetenginehad come into_en_.-_,

use for commercial flights. In contrast to the more recent develo_ment of the turbofan engine,

early turbojets were overdesigned. They were not affected by theL'bieeding off" or diverting of

compressor air, w_ch was piped through the wings for icing protection. The aircraft manufac-

turers could tailor inexpensive icing protection systems to specific designs without compromising

the per%rmance of _e ai_Iane. Moreover, since turbojet engines provided greater power than
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the reciprocatingenginestheyreplaced,K=he, altitudeswere possible.Aircraftcou_aflyover the

icingclouds ratherthan through them, leavingtake-offand landing as the only potentially

dangerous icingsituations.However, as I_'ingPinkeipointed out,"With new technology old

ideascan geta breathof lifeagain."Pro._ems solvedforone seto; conditionsrecur.astecnno,ogy

advances inotherareas.When the more efficientturbofanenginerevolutionizedenginedesignin

the mid-!960s therewas lesscompressor bleed air availablefor ice protection.Productionof

helicoptersand smallgeneralaviation " _ _mrc_a*tincreasedinthe late1950sand i960s.Because they

fly at lower altitudes,theseaircraftare much more sensitiveto icing.Even though the '_;_

Research Tunnel at Lewis Laboratory was officially ctosed in i957, a few tests of hardware under

development by industrywere permitted.In 1978,in response to increasedindustry,demand,
NASA "'_;_:-'_,,-:,_*"--_" 4. ,,__,_-,_.'_,,_e_,_s_t_,_eathe tunneltestingprogram afterthe icing_un-,elwas renovatedand

itsinstrumentationupdated.The tunnelnow runs more teststhan other_dnd tunnelsofNASA. 2_

However, the natureofthe work has changed,industrynow contractswith NASA torun testson

hardware under development.

THE CRASH FIRE PROGRAx'VI

in !947, the Committee on Operat-

_."g Problems, chaired by the cnansmacc

executiveof American Airlines,William

_:_t_ewooa, aeoatea the question of

whether the NACA should enter a new

area of aircraftsafe_y-_,e control or

prevention of fires after a airplane

crash. 22 The Committee directed Lewis

Laboratorytomake a preliminarystudyof

the crash fire problem. At the same time,

it took steps to form a new Subcommittee

on ._rcraftFirePrevention.The crashfire

issue was of direct concern to the aircraft

industry-to the aircraftmanufacturers

a_,atomcreasmg,y successfulcommercm_

airline operators likeAmerican, United,

Trans World (TV_.), and Pan American.

They pushed for a greater involvement

with the crash fire problem on the part of
the NACA.

The previousyeartheproblem ofair

crash firesreceivedwide publicity.Of a

sum_,sm_l_ mg._ totM of i2_ air cagier

T¢wo instruments to measure icing rates during flight

through an icing cloud are cMibrated in the Icing Research

Tannel. The _ower device is /_ngmuir's rotating multi-
cylinder. The upper u-robe device is the NACA eressure-

_pe icing meter used to gather statistics on the'duration

and severity of icing encounters in the early 2950s.

accidents during that year, 22, or !8 percent, involved fire. Of that number, 5 percent were attri-
buted to fires :.n the air; ti"e _o,,_.;,_ i3............. _ percent were aue to fires foi!owing a crash. _ A new gen-

eration of commercial passenger planes made by Martin, Douglas, Lx_ckheed, and Convair made air

travel more reliable and comfortable. Even more important, the volume of travelers increased:

ann air travel, once oniy rot the wealthy eute, ._ecame _._o.d_;e..e_, from the maust_- _omt

f%kY,,_

_I'_$ : .'- 'Z)4._rh'T'/_.,--_-,_,_.
-- _ _ ,_,._ : k.,4.,-._..,_
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of view, the full development of commercial aviation was being held back by the public percep-
tion of its dangers.

Aircraft manufacturers tended to be more concerned with fires in the air because they were

often caused by design flaws, but fires after a crash resulted in greater loss of life. Their causes,

however, could not always be determined, and they were often blamed on pilot error or airline

operating practices, z4 Thus, the operators of commercial airlines were especially concerned that

the crash fire problem be studied " _ ' " 'sys_e,,.atmai_y. The airplane of the tate !9_s had become a

complex system whose very design contained inherent fire hazards. The new commercial airILners

traveled long distances without refueling. To achieve maximum seating density, large fuel tanks

were placed in the wings. For stabiliV and aerodynamic efficiency, designers favored mounting

the engines at the center of the wings. This design, however, brought ignition sources and fuel

,_,_o dangerous proximity. In a crash, if the wirgs broke apa_, a spar:< from the engine or _ae not

gases from the engine's exhaust " 'qmci<:y ignited the fuel. in addition to the danger of the wing-

engine configuration, there were numerous ober potentiaLiv dangerous ;_,,':+;,,_. ,o'**,,'-'_, sources: cabin

heating and ventilation, pressurization systems, and hot gas '_,_;_,-_, ec_ui_ment. Electrical

systems required miles of wires, o_en packed together next to other lines canting extremely

flammable hydraulic fluids or lubricating oiis. zs

If less theoretical.' than high-speed aerodynamics or heat transfer, nevertheless the study of

crash fires bore directly on the NACA's cha_er to find practical solutions to the problems of avia-

tion. The crash fire problem excited the imaginations of a panel on "Reduction of Hazards Due

to Aircraft Fires" set up at Lewis Laboratow. Chaired by Abe Silverstein, with Lewis Roderi, se_'-

ing as _e coordinator of the fire research program with outside agencies, the panel consisted of

fue!s experts R. E Selden, Louis C. Gibbon, and W. "I".Oison, as weli as HenQ- C. Barnett and
Gere2d J. Pesman. 26

-nmr preILmina.,T report, members of the pane! recommended a research program that

would tackl..e the crash fire problem from mary points of view. The main focus of the program was

• e investigation of the origin mud rate of propagation of fires in actual crashes. The systematic

study of full-scale airplane crashes had previously been carried out by the U.S. Army Air Co_s in

a study of sLngle-engLne fighter aircraft be_,een 1924 and 1928 and in England by W. G. Glendinn-

ing. However, there was no precedent for the scale _d complexity of the research program en-

visioned by the NACA panel. Members of the pane1 argued that _'u"i>scale c.asn-" *_,.stswere j;'usaaec+':""

because unknown scaie effects made data from simulated crashes of models unreliable. They pro-

posed basic research on the ignition characteristics of various inflammable liquids--fuels,

hydraulic fluids, and lubricants-along with a s_dy of fire-extinguishing agents. Factors invotved

in general layout would a!so be considered. Was the placement of engines on the tips of the wings,

as far from the fuel tanks as possible, feasible? Could be_er fuel tanks be designed? What about

developing a safety fuel _at was less volatile than the gasoline-type fuels currently in use? Like the

point of icing research, the ultimate aim of the crash fire program, was to provide the federal

government with reliable data to establish codes for the design of safer aircrak. 2r

This ambitious plan raised the hackles of the Civil Aeronautics Administration. In addition

to gathering i_ormation on accidents, the CAA also conducted a limited research program that

knvolved crash testing components at its Experimental Station in indianapolis, Ind. With this pro-

gram nov,- regarded as inadequate, Ha_'ey L. Hansberw of the Civil Aeronautics Administration

objected that a similar full-scale program now under consideration had been proposed by the CAA

in t946 and turned down because of its excessive expense, as However, the NACA program had
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the strongbackingoftheAircraftIndus,.esAssociation,r,._,r,.s,.,.t,no=_ : _ .me_ma"_'''%_'+''_,,_,_,_,,.,.,..o,and the

Air Transpo_ Association,_ _ +:,_ .....emesen.;,_o the operators,in theirview, the Clvli Aeronautics

Ad ....ms_r=don was partlyresponsibleforthe publicperceptionofthe dangersof airtransporta-

tionand the financiallossesdue torecentcrashes.Lewis Rodert pointedout aftera visitto the

West Coast aircraftindustries,"The CAA ispresentlybeing blamed for the presentsituation

because,in the opinionof many _i_cra,_eng_;.ee.s,the CAA researchhas not been adequately

broad nor penetratingand the airworthinessrequirementsrelatingto the firehazard have not
been realistic. ''z9

TESTING AT THE RAVENNA ARSENAL

in 1949,when .^T___.oPinkelinheritedthe icingprogram, he alsoassumed leadershipof

Lewis'sCrash FireProgram. His background in fuelsmade him a naturalchoiceforleadership

of the program. However, at first the work did not pa_icularly appeal to him. He was told that

the requestto the NACA had come directlyfrom PresidentTruman.s°The main _iaverson the

crash fire team were Dugaid O. Black, Arthur Busch, Gerard j." Pesman, O. Merritt P.es_on,-_ ant"

Sol Weiss.They were backed by an intrepidgroup of pilotsand techniciansin the hangar who

w'or_ea closely with William Wynne, Ernest V_e., and other members of the photographic
branch.

The NACA obtainedabout 50 ÷ ":'_-,-"-,,w_,.e._gu.ecargo planesfrom the Air Force.These _lanes

had been used inthe Berlinairliftand were so serviceweary thaithey '*'ereflown to Cleveland

with theirdoorsopen so thatthepilotcouldjump, ifnecessa_-.The Army grantedtheNACA _er-

mission to use the grounds of one of its World War II arsenals in Ravenna, Ohio, as the site for

+a.e,,_fuiI-scaie crash tests, jo_.n Everett designed and supervised the co._s_r_,c,o._,_.... : '_ of a 20u_-foo,'_"*

rlJ_,_way.

The crashes were carefully choreographed. They. were to be su_ivable, assuming "'ma_*a fire

could be ._revented. A _lane was sent down "&,._runway at take-off and *'_,,_.'"<,'s_eeds by remote

conto,, ran into a ba_.le. _,_,a_tore off the landing gear and damaged the propez-ers. The engine,

however, had to remain attac._ea to the main _oav of the aircraft. The plane then siid ...... _,.,

set of Doles to ip o._en +he ,,,".,_ tanks before siiding into an open field. The ai_iane was _ainted

white and the fuel dyed red for ease of photography.

Each aimiane carried various instruments to record temperatures, fire location, "" * :" ,.+;

of combustible mixtures, and times at which various failures occurred. These instruments con-

verted the data into electric signals recorded on + _ " ;" "me_e_s located m a ,:reproof, insulated box on the
a:.rpiane. Seven ":_*" ,," ' aaax-o...a_ motion-picture camera stands were located at various points near the

runway. To correlate the exterior photographs with the data simultaneously photographed inside

the box, a t_mmg tight on me top of the fuselage r.:asnea at intervals of one second or less. s:

The program's goal was to uncover the mechanism o_.the crash fire and the exact ,a_._e_._:'_ o_

the st_ctural.' breaku_ of fine aimlane. What was t'_e rate, ,, " -,_ .. _a_er:., and area over which the liquid

,ue_ spread? Did it form into a spray? What, if anything, could be done to prevent it? One by one

+he._ old myths tumbled before the facts: the mistaken idea o _ p_-.'ots"+_,,_a_*._.u_m._g._",- o_" the ,-,_:" -.
before a crash prevented fire: the belief that fuels -;";w,_.: low voIatfii_ were :,_-sa_,., than conventionaI
gasoline.

By !957 the group under Pinkei, now chief of the Fluid Systems Division, had extended
their carefuI o,_,,_o_.,e

_-'_ ...... _.o analyses from piston engine aircraft to .'_-_anescowered, by. turb@ets.

They received _..._,,o_+-,,,,_,suppox from the airIines, ._ar--icutarlv. United, for work on a design for an
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In the crash fire
program, at the

Ravenna Arsenal
a ser_/,ce-vceary

cargo plane/C-82]
'a,,as run do'o¢r, a

Zaunchir,_gtrack
into a crash bar-

rier. Sv44neers
studied the crash
fire to determine
ignihon sources.

! i iiiiiiiii   i'   
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iner_Lng system, ,,esp_,_"_:*_ a projected wei_,hto penalty o.-'.i200 __ounds- Pratt & Whitney was iess en-

thusiastic. Representatives objected that over 50 holes driHed :,, ...._,xo _he engine case of the j-o7 for

a spray system might affect the engine's reiiabili.ty, zz The team designed an inerlng system that

couIdcoo!tlne' " , ' ' " : :* "no_ exhaust system and cut off the fuel ana e..'ectnca_ systems w_&:n this short in-

te_al. With the inexing system to prevent the ensuing crash fire, aIi but the most severe crashes

were survivable.

However, the NACA had no poLitical clout to force the airframe and engine manufacturers

to instaI1 tl_e new system. Despite the desire of some of the airline operators to purchase aircraft

with crash fire protection, the manufacturers were under no obligation to provide this added

equipment. The Civil Aeronautics Administraion, possibly alienated by the NACA's strong show-

ing in a field _}, * :_ ' .... m,, cause to force compliance_.,a__ nan previously com'..natea, did not take up _'

through regulation. Uiike fi_e_,'_.-_,c "* "..... o r;_ena, which became _he basis for federai design standards,

for r'..re safe_y the NACA ha,. to reiy on persuasion, _nd the manufacturers were not reaey to make

the investment. Although the Crash Fire Program had provided convincing evidence d,.at the in-

e_ing system could prevent crash fires, the added weight of the system forestalled acceptance.

Even with a motion-picture film, convincingly narrated by David Binkiey, the NACA failed to en-

tice ti_,e manufacturers to incur the added expense of the system, s_

Although the aircraft manufacturers did not adopt the NACA ine_Lng system in the

mid-1950s, graduaily designers _.:co_oratea'- ' sa_ew" :'_,.a_,res'-,simiar" to u'.ose.... recommended oy the

NACA. a_ Fires following crashes became rare.

Concern with sa_e_y *',--- 'cona,,_,e_ to shape operations research programs at Lewzs Laboratory.

From the Crash Fire Program, Pinko! and his group moved into the investigation of the crash-

woxhiness of airline seats, restraL_ing harnesses for passe_,oe, s, '_ :,,,,eScort of seats to reduce in.pact

forces, maximum seating density, and lightning hazards. In the !ate 1950s, ' ",wne_, NASA's Mercu_"

Program reeuired_ engineers with experience in protecting human beings from the ._u,_e,no; "" _, of

crash landings, Lewis was read?, with an experienced cadre of individuals.

120
_ _.._. ,_ • ,-,_"4;_-:._ " " _"_ ;; _d; : "v'r'"



OPERATIONS RESEARCH

Irvir_ PinkeZ receives the NACA D_s_r_zed Service Avpard in June 1957 #orn. ]ames DoolittIe, Chairman
of the "VACA, as Ray Sharp iooks on.

CONTINUITY UNDER NASA

As the Mercu_- Program got under way at Langley, some of the members of Pinkei's divi-

sion became the nucleus of _h,. Flight Operations Division _ Cape Canaveral, :la. G. Me_it_:._" •

Preston, who had authored many of the repots on the Crash Fire Program, became the Division's

first managerJ s Other early members of *dae Space Task Force who transferred to Langley to

work under Robert G_iruth were Elmer Buller, A. M. Busch, W R. Dennis, M. J. Krasnican, Glynn

S. Lunney, Andr4 ]. Meyer, W R. Meyer, W: J..N.esbitt, Gerard ]. Pesman, Leonard Rabb, and Scott

SimMnson. Simldnson, whose background at Lewis was in testing full-scale engines, perhaps ex-

emplified what Lewis-trainedindividualscould contributeto the spaceprogram. He :.<newhard-

ware and could "smell a problem a mile away. ''3_

Other members of PinkeFs dbis:o-,.:",, " contributed their'" expertise to the group at Lewis m

chargeof the Mercury capsule'sinstrumentation,automaticseparationfrom the .Atlasrocket,its

s,aoH1za,uonand contro-systems,and :,tsretrorocketsfor reent_ intoEarth'satmosphere.Their

first assignment, the altitude control system for Big Ice ithe test vehicle to precede manned flight),

presented the firstopportunityto apply theirknowledge of aviationto flightbeyond the at-

mosphere. Substituting a safer fuel, cold-gas nitrogen, for the hydrogen peroxide rocket thrusters

used inthe X-!5,Harold Gold,Robe_ R, Miller,and H. Warren Piohrworked with Minneapolis-

Honeywe_i to designa svstem_thatautomaticallymoved the capsuleinto_h,,_desiredalignment
after e ,'*: ,_s pa.a_o,_ from the Arias booster} _

Testing this new control ....sys_e,._ required the engineering"'_ _'.'_l,_oe..,_z_yof a score of _ewls

engineers. David S. Gabriel conceived a _gantic " ' * "" "_"hn_er-_oy-r:kesimulatorcalledMAST.,: (Multiple

Axis Space TestInertiaFacility),which could turn and tumble a 3000-pound space capsMe on
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three axes inside three sets o.-"gLmbals. " '" ' " ". ._oms L. Coroas executea the details of the cesi__n and

Frank Stenger developed the sF''s_em of a;r" jets to push it at 60 revolutions per minute. This

_,,moa,ng ' was placedinLewis'svacuum cnam_er, ac_uahythe oldAmtuae Wind _-_unne_,'con-

ve..e., by a team of engineers , .--'_,_o.k_.o under V/nazi., Fleming to the new task of simudating at-

mospheric conditions up to 80,000 feet as

ix mid-1959, with engineering ima_nations conditioned by issues invoIving human safety,

James W. Useiler, a mechanical engineer, and Joseph S. Aigranti, a test pilot, saw the potentia I of

the gimbal .-;_.,:,for astronaut training. T_hev. enlisted several local physiologists and ten test pilots

(including _ ' .seve.a.,' ' _, _ _g,c,:,e., of "" _ ' Inwome_._, to test the ...... roii, pitch, aria yaw on numan ehysioiogy.. !960,

begLnning "'_' ' "_;" 'tow_n astronauts Gus Grissom and .Alan Snepard, each Mercu_ astronaut sub_,.._ea

a _de of a tolerable limit of 30 revolutions per minute. They learned how to activate the nitrogen
jets that _,-_ ........_,._e_ as ora_:es to bring them out of their G:zzymg s_m while the external cages con-
tinued to whirl about them. 39

T'_e _mba! r,'g at Lewis was _sed to teach Mercury astrona,ats how to bring a cap-
suie tumbZing in space _¢nder control
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Because o," _h,. expertise developed over years o _ research on the crash n.e problem, NASA

mo-.cea to Lewis ,'aooratory for assistance in determining the cause of the Apollo fire in janua W

i967. Irving Pinke! jo'nea m,. investigation panel and spent :enslo.,-m:ea days and "-: :_,_gn_s at Cape

Canaveral. The panel concluded that the fire did not originate in the pure oxygen atmosphere of

the astronauts' suits, as people na¢_ first surmised, ou, was caused by a sho_ circuit thai began
in the cabinet +_ ",.,a_ housed the env,.rommental " _._-,,o .... o, unit. Wires of the electrical system ran

under the door to .'.he cabinet. Every time the door was opened, it chafed on the wires placed next

to a comousaom nyion ._.._.o•-,_'_:_,In sho , the capsule had been poorly designed by NASA's contrac-

* " _._e fire had been ent:re_y preventable. However, .:acre was also_o., Noah American Aviation. _> ....

blame to be assigned to NASA• One author :' ' _' , " "ca,.:ea _ne disaster "murder on oad 34, c_ting sloppy

management practices and a hurried atmosphere that precluded high e_.e,m,.e.."¢,;," ,'_mo¢,standards and

careful supervision of its contractors by NASA. a°

In response to the tragedy, James Webb asked Irving Pinkel to create and head an internal

agency called the Aerospace SafeV Research m.nd Data ' :_,-*mst_,_,e to serve as a clearinghouse for

safe_ information, pr,_,.a,.ty fo. NASA and its contractors. The role of the government as a clear-
_._hOU_e for " " _" "mmrma_':on was not a new ;den to Pimkei. That was the NACA's fore ;_ the days

when NACA repots ,-+ *_ . *' ofp_, _..e latest innovations in engine technoio_- within _ne reach industry's

engine designers• Located at Lewis Laboratory, the ms_,,u_e""_.... s functions were to organize existing
e- + . i- ¢.

.... o .... a_.o:,, _nem w._.; appropriate research. The mfo.-'ma_m,_ wassa_e,y to find gaps, ann to fill "' "';_ "

comouterized to _acm_ate access a_,_ _uick responses to .,.a,,,.sts. V_._._,, four years *' ;.- ,';.....

.aa fa.,len prey the 1972 cuts in a_ro_riations.
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Archives Record Gross 255 an ,_ NASA Lewis Records on 4"e design a.,-d construction of the " '• *_ _., IClno
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CHAPTER SEVEN

PUSHING INNOVATION
AND INDUSTRY
RESISTANCE

In i958,when theNACA became partofNASA, NASA became itsown principalcustomer.

It supervised contracts with industry to provide NASA with hardware for space exploration. Dur-

ing the NACA period Lewis LaboratoQ-'s relationship with industry, was substantiaiiy different.

The ,abora,ou s ro!e was to stimulate,.m:ovat.o,,_ ; " -n engine design. There was no legal mecnamsm""
tofacilitatethe .... • •.rans:eroztechno,'.ogy _ "gen,.._e_ through government research to industry. Exactly

how the ideas in a NACA repo_ took concrete form in the design of an engine could never be

determined. _._:_was ._art of the unwritten rules of this interaction that the oo',ec',......_',.',,e,_"_did not as:<'

forcredit or receive • * No company liked to admit _,a* _'_,, ,^+; _, not _,,'-,pa_ems, engine _ _........ o_ _,o. did come ......

within its own laboratories or from the shop floor.

In the early post-World War II period, the engine indust_ was fearful that the NACA would

mte_.e.e in tat development of engine prototypes. In i946 ann 19/+7 the Industry Cons.._,,o

Committee, composed of aircraft and engine manufacturers, criticized the Iaboratorv's research

plans for not being fundamental enough. Oscar Schey remarked that the manufacturers did not

object to the NACA's research in princi'_,le, but there was no agreement over what exactly con-

stituted fundamental research, industry defined fundamental research as "anything that can be

done wi_h a pencil and slide ruie and such facilities as the indust_- does not have. ,'= if researcln

were limited to the more theoretical aspects of the aircraft engine-problems solved with =encil

and slide -" °' of ........ ,,e_s:_es. Taeru..'e-,ne iaborato,w ,o' *m._n_ be accused duplicating the work of ._,.... :. , .,: 2 .

laboratory valued its intermediate position between industry and academia. The heart of its work

was to prod industry to innovate, but it had to avoid being used by industry to clean up immediate

development problems. At the same time, it could not allow its research to become so advanced

,.a_ _ was of no practicM use. Tr_e balance was never easy.

Although testing ,.,o.,,._,,._,_,_proto_es ,.o_,a""_" be cons_ruea" ' as '_ " " -- *,_e_elo_mem, it seemed ess,.,.L,a_o-,*;

to the laborato,w's mission. The laborato_- could only promote innovation if it had a thorough
knowledge of existing ,';-, " ' "_ ....e%,_,es. Through test'..ng _-'.n.the Azt:_uae Wind ,r,.,,,_,_.,_,,,.,an'*..__ater in the 'four

burner" area, engineers learned the mysteries of all types and makes of gas turbine engines. The

machine itse!f was a _e_cher, and expeXise came. in Bruce Lundin's view, from "-', "

enomes, Lundin, who graduated from the University o_ California in 1942 w_tn an o,,c,;,,_o_:.,_,

degree, re_lec_ea, "T_.e reason you have the " -+_ is "_" •ex_,e...se ;;.a_ you learn ;._ tat _ ":'_".... .ac_';:;'es. You don't

ge_ your ex._ertise by a sade ruie or .... m,g a- ..... compu_e_ You get your exLpeXise by w,o.-'_-,.--o_,..,_
with real hardware and reai . :._" . °COng..tlOnS.' ''_
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The Industry Cot,suiting Committee and members of the NACA Executive Committee at the C!eve,.'and
laboratory, September 26, 1945. Vannevar Bush is second from Zeft.

Although testing isolated components Eke cylinders in the piston engine could provide data

to predict engine performance, the jet engine as a dynamic system was far more complex. It re-

Guired. fu',!-scai.e testing, in either a wind tunnel or a special _','_,oru,sion-"":" systems iaooratorv.""

Although ±e jet engine's components--the compressor, m _,, _ "co ,_,_us_or, an_ turbine-were also tested

in special "figs," some problems were apparent only when the entire system, was "bolted

together." On the importance of the systems approach, one engineer reflected:

An engine constitutes a dynamic * ana how" ' 'system ' it reacts and aenaves to _ -- : "ex_e,na_ an_

internal changes ,- "a:,a disturbances is of vital " ,';_: -, _" 'sig.m_ca,.ce to safe Aignt. For example,

too rand a fi_rott!e advance can cause a comoressor to go into " + ::"s,al and *_,.a_-_ "*'50"" a

"surge"in the engine system.This can resultin physicaldamage and/or ",,_comD,,,S_Or

flame-out How and why such phenomena occur and developinganalyticalmeans to

describe and predict such events from component data are legitimate research objec-

tives. The theories that are developed can only be ve._ied by ru_nning a variety of

systems at ful! scale over a range of flight conditions. 4

One of the goals of basic research in gas turbine engines was to isolate and define problems

common to them aii. This required ",mowiedge of all types of existing engines. In the early post-
World War "_ " •

:-. years, the engine companies naa no choice but to allow the Cleveland iaborato_
to test their engines; neither :'_ .-,-:.',:_.......,e •.... ,,a_y nor the "_"e,,ome companies had adequate engine raclit:es.

They had to rely on the NACA to test milita_ engine prototypes. Through an understanding with

the militaw so,ices, after the completion of a particular "7 _" ' ..... the. co_._,a.y s test _,%.a,,, laboratory

kept the engine for an additional six months. The engine was completely disassembled by
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machine shop techniciansso thatthe engineerscould study itscomponents and run tests.At the

end of sixmonths, Clevelandengineersknew the engine'sstrengthsand weaknesses as wellas,

or better,than itsoriginaldesigners.

NACA engineerswelcomed the increasedrarefactionwith industrybrought about by this

testing_orogram.The new relationshipwith the engineindustryhad begun w:_._.:'>,the rearm"ofthe

Power PlantsCommittee in 1940,when the engine companies won representation.Ben Pinkel,

who representedthe NACA on many of the subcommittees during the war and earlypostwar

period,recalledthisreform as a positivestepin the creationof an effectiverelationshipwith

industry."We worked m the dark down at Langley.We did what we t,ougn:was good, out we

weren'tsure."There was no system forgettinginformationabout the kindsofproblems industry

needed solved.Contact between engine manufacturers and NACA engineerswas limitedto a

yearly conference. "After each talk, we would ask them, 'Well, what are your problems?' The

engine company people would not taik in front of an audience that contained its competitors."

Although representativesof the airframemanufacturersmade many follow-upvisitsto Langley

to communicate theirrequirementsconfidentially,the enginemanufacturersremained secretive.

Power PlantsengineersatLangleywere never abieto duplicatethe productiveworking relation-

shipbetween the NACA and the _;_=_ industry.It_,._..= took the new committee structure,created

by George Mead, to foster the development of trust between the proprietary engine industry and

government researchers, in Ben PinkeI's view, se.wice on various NACA committees "allowed us

to get an insight, a very intimate insight" into the problems of the engine companies and the

m,_.mry. Government and industry engineers formed strong working relationships. For the first

tlme,when informationor a pieceofequipment was needed, a phone callcould bring_mmed_,_e

results. "The idea of this personal contact, of knowing the people in the field," Pinkei recalled,

"]Edon't know if everybody appreciated "'_,at, but _'.'twas o_,'_*,._."s

Although the resultsof researchwere publishedby the NACA, industryengine designers

had no obligationto use the know_eage ,_.aaeavauame to _h,.m.More than +he avaiiabilitvof

advanced researchwas necessa_ to encourage innovation,which was costly,and the _ _ _":. Do_enaal

benefit of a small change had to be weighed against problems that it might cause in other parts

of the complex engine system. To become an instrument in the transfer of advanced engine

technology to industry, Lewis Laboratory had to create a market for its expertise through the

building o#,a network o_. _ersonal contacts w,_,_'*>the" c,.-owin_ a,m_' " .,_o,_:_;,'_,'.- c_,._,_+;';v_,,_.,_,,._, ,. -ndustrv."

PROPRIETARY RIGHTS AND THE BRITISH NENE

T:
aeoaore yon Kirmin, often "_: 'cn_cm of the NACA, a_tiycalled it _'skeptica!, conservative,

and reticent."6 von K_rmin could speak with the relative freedom of the academician; he could

never appreciate the constraints -", " " ' " ' • •,,.s,.acne,. Tae practice of res.:nctmg_,a,,ec on the government .... " .-

the flow of ; : - _+" &_.o_aL the efforts of,n:o_m_uon from the NACA originated at Langley in the i930s +...... _ "

me NACA's fast:¢ious Executive Secretary, john Victo_f. Aii .... a_,_,,o-espo ...... ce was reviewed at tne

branch level and signed by the engineer-in-charge, incoming mail went first to the engineer-in-

charge,and phone callswere strictlymonitored,Although nationalsecurityconsiderationsmay

have influencedthe retentionof these practicesafterV%rld War ii,itismost likelythatthey

originated from the need to protect secret or proprietary information. Given the traditional near-
phobic concern o,"_ _;,_ ;,_ ",- * - '. . ....... o..... _a_s_ aoout proprietary matters, NACA eng:neers had to be
extremely careful _, ,-_ " -'_f -_,a+i _,. _,,o,_w>.at._.o_.,._o..they shared with the aeronautical ..... ;_-co ...... _ .... _ outside
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the laboratory:A loosetongue might revealan innovationpainstakinglydevelopedby one com-

pany to itscompetitor.

This need for reticence, however, presented the NACA -:_, d :_. ._w _,.a :.e,..ma.The purpose of the

laboratorywas to encourage hnnovationand to stimulatecompetitionamong the engine corn-

partiesby making informationfreelyavailableto itsentireconstituency.Industryallowedpublica-

tion of certainbasic research,but new knowledge thatcould be used to make a profitwas

considered proprietary, the proper_ of the company. Innovations made by indust_ scientists and

engineers were either protected by patents or kept secret or proprietary to prevent competitors

from reaping the fruits of the arduous and expensive development, r it became apparent that, to

preserveitsrelationshipswith the engineindustry,Lewis Laborato_-had tobe willingtoprotect
the -'_" _ " :,.. ,- .p.o_ne_ry interests of Lndividua! companies by respecting lim,auons on the free pub_:cahon
of its '-,researc,..

I,. _ &

In me testingof fin,-scaleengines,the Clevelandlaoora,oryran intothe teethof the pro-

prieta_rightsissue.The laborato_ existedtopromote competitionamong the enginecompanies,

not to become a competitoritself.The gove.-mmentwas not supposed to _articipatedirectlyin

development;itsroiewas to provide basicresearchto supportthe development of enginesby

privateindust_:Inpractice,as longasthe laboratoryhad facilitiessuperiortothoseofthe engine

companies,itswork could iegitL_atelyshade offintodevelopment,indust_ needed the NACA to
" -I".o

testitsenginesand was wm_mg tolistentosuggestionsfortheirimprovement. However, sincethe

enginecompanies were intheprocessofbuildingtheirown facilities,thisaspectofitswork might

be cu_ailedinthe nearfuture.Without earlyaccesstostateofthea_ engines,the laboratorywas

in danger oflosingitsplaceon the cu_ing edge of propulsionresearch.

Carlton Kemper, "_..... _;_'_ Engineer of....-.... Lewis Laboratory,expressedthisdilemma in a

...... Itmemo toHeadqua_ers, November 2,_:94o. isrealizedthatfundamentalresearchcan be con-

ducted on oaso.eteand obso:escem models of a givenaircraftpowe_mnt, out interestisalways

at a low ebb unlessresultsare presentedfor the latestaircraft-enginemodels.''sHe suggested

thatthelaboratory,should "cooperatewholehea_ed!y with thesemanufacturers"and thatpartof

a successfulrelationshipwould depend on working out a mutually satisfactory,policyon pro-

prietaryrights.O_by thiswould ensure a continuingsupplyof enginesinthe development stage.

General Electric,stungby theArmy Air Forcesaward of theproductioncontractsforthe i-¢0and

the TG-!80 enginestothe #/lisonCompany, was the firsttovoiceitsconcerns tothe NACA. The

company admittedthatAllisoncould produce enginesmore cheaply because of itsgovermment-

owned factories. Nevertheless, General Electric was determined that in the future "enginee:ing
knowledge willnot be turnedover toa competitorat no cost,as was done inthiscase."9Kem._er

warned thatGeneralEiectric'sproductiverelationshipwith the laboratory,was injeopardyun/*ess

a satisfactorysolutiontothe problem of proprietary,rightscould be found.Specifically,Kemper

reposed, General Electricdid not objectto the releaseof wLnd tunnel data as !ong as the

laboratoryrefrainedfrom discussinghow improved efficienciesin theturbb_eor compressor,for

example, were obtained."Sincethe war isover and they are nov,"in a highlycompetitivefield,

_ey request /_at the Commi_ee refrab_ from releasing their engineering designs to their
competitors."

Kemper revealedthatGeneral Electric'sdecisionto stayLn the _;_,-:*e:.ome business

would mean "realcompetition" for V_%ightAeronautical,Pratt & Whitney, and the Allison

Division of Ge..erai Motors. That was ai! to the good. The more players m the engine business,

the more likely they were to feet pressure to innovate, in Kemper's view, General Eiectric had
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wiselydecidedto "-_" on ' " " - ,_.._,,conce...._.,e develogment ofnew aes:gnsand would not investm p_o,_,c_,o_,

facilities.Rather,itplanned tosubcontractwith othercompanies forthe manufacture of itsnew

engines.

......... ,. O_This strategy, by General mec.:nc nac zmpimac..ons for the ._,u,e;,-+--research role . the

iaborato_. Kemoer _- "'_-_ . . . " •. s_.essea _.._t, with its new _oiicv, General Electric would be a_i the more :ns:s-

tent that the _ ' -_* -- _ "" ...... : in jet engines,,aoo,_o._. concentrate on .u,d_,,en_i _roo_ems pa_nculariv-..... the

improvement of specific components.

To maintain our position in the research field we must concentrate on the fundamen-

taI problems of the compressor and turbine, or. the design of NACA combustion

chambers that inco_orate the fundamental information gained by the Committee on

combustion, controls, metallurgy, operating cycles, and on methods of designing more

efficient compressors and turbines, it is only by having better ideas than industry that
we can maintain our "'_ _ ":-,_, :.+_.',o_._s.anc_., o pos...o., in the jet-engine field. _°

Despite Kemper s warning, a co_szon course over the ",_,'-r: .......w,,_ _:_ _ghts issue had a..'reacy
been set. The NACA came into ",,,,_:,'" " "" ": "'...... _,._, not with General Electric, but w,Aa Pratt & Wn:mey,

when the company took its first step in the new field of jet propulsion. An article in F_ight

Magazine in s_ring 1946 _,o_ called '" _" * _ .a_e_,_on to &,. superiority of &,. British Nene to General

EIectric's !-40. From the same design in less time and with inferior facilities for testing, Roils

Royce. had eroduced_ a superior engine. Development of the None, ;m,_mt_"":v ten months "oenind"that
of the i-40, had continued after World War i!.::

Exactly what ._reci'_itated. the Navy's interest in the None is unclear, but it may. 'De related

to the problems that Westinghouse was .... ; m the development o.:encom,_e_ng "'- . the 19XB and the

24C, its turbojet with an axial-flow compressor. Toward the end of 1946, the Navy Bureau of

Aeronautics had obtained two Nene engines and tested then,, at the Navy's engine laboratory near

Philadelphia, Penn. In a hur_ to develop the Nene, the Navy invited Pratt & Whitney to tackle

the job, betthng on the company's solid engineering reputation to carry it off despite limited ex-

•oerience with turbojet '_ _'-" :2 ......... e.se.,_.c,, nva'rv may have played a role "n "_,; "" _ : "-

With the Army Air Forces committed to the ."-40, the Nene represented an oppoXunity to upstage

the Navy's. rival. However, satisfaction in having a superior engine was no aoue_'" "tempered by tae"

sobering knowledge that Great Britain, as a goodwill gesture under a Labor Government, had

allowed Rolls Royce to sell the license to ti"e None to the Soviet Union in 1946. ;3 A superior

engine in the hands of a potential enemy made the production of the None a high national priority.

Prior to its purchase of the license to manufacture the None from. Roils Royce, Pra_ &

Whitney lacked experience in the new jet propulsion technology. The company realized that the

new companies in the aircraft engine field-Gener£ EIectric and Westinghouse-had the advan-

tage of a head sta_. Pratt & Whi*mey's strategy was to leap frog over its _:+"compe_;aon, building on

the solid engine erpexise of the British. However, from. a national security point of view, the

setting up of Pratt & Whitney in the production of a foreign en_ne had a negative side. Would

the superiority of the None, produced by a strong and exgerienced engh_e company, squeeze out

the fledgling aircraft engine efforts of Westinghouse and General Electric?

The same recognition of the ""_ : _;_ of " "s_,er_o_._y British gas turf, me engines that made American

companies eager to obtain licenses for their _ ¢_ _m_nu,_c_u_e made Cleveland engineers anxious to

test all types of British turbojet and turboprop engines. They needed experience. They knew the

s+-'_"_,';'_ and weaknesses of American orotot,,mes and were in an ideal position to point out what
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made Britishenginessuperior.Testingthe Nene seemed particularlydesirable.In December 1946

CarltonKemper wrote to &,.V/ashm_on "_" " _ ''" '_ " "" omce, Suc_,a study shoranbe particularlyvaluableLn

that_e Nene engineisreposed tohave inigF-erthrust,lower specificweight,and lower fuelcon-

sumpfion _an currentAmerican serviceengines."_ Exacdy why fi_eNACA was unabletoobtain

the Nene directlyfrom the Navy isunclear,but the NACA took the unusual stepofpurchasing

enginedirectlyfrom the TaylorTurbineCo_oration, which owned theAmerican licenseprior

to itssaleto Pra_ & Whitney.

The Army Air Forcesstoodbehind theNACA's decisiontotestthe Nene and todisseminate

the resultstoallthe companies thatmanufactured gas turbLneengines.In the view of ColonelH.
v . - .

Z. Bogey, hhe Army -,',,_msonOfficerat tlaeCleve!an_ laboratory,to ..':m_tthe d,s,rmu,,o_,of

researchresultshindered the abilityof the United Statesto compete with the British.With the

Nene alsointhe hands of the SovietUnion, the issuewent beyond _rotectingcommercial rights

to issues of national security. However, even within fine Army, th_-e was no consensus on the

correctpolicytofollow.Should distributionbe limitedtothe fivecompanies alreadyinvolvedin

turbojetengine development? The civ4Jianengineersemployed at Wright Fieldargued thatthe

• :_ 4-government did not have the right to violate the proprieta_ noh,s of individual compames, since

the Army paid only about !5 percentof the expenses for researchand development. Kem_er,

however, took Bogert's side and argued for a wide distribution of research results. He "' - ' * that_flotlgn_

_ was poor poi:cy to spend _arge sums m operating the Altitude Wind iunne.: and then to make

thepertinentinformationavailabletoonlyfivecompanies because offineproprietaryinformation
in the repo_f':s

AfterPra_ & Whitney began negotiationsinApr:A1947 toacquiremanufacturingand sales

rights to the Nene, it became concerned over what role the NACA would play in allowing com-

petitors to sharethe resultsof the NACA study,in December, with the acquisitionofthe license

from Taylor Turbine complete, Pratt & Whitney informed the NACA t/nat they held exclusive rights

to the Nene and Derwent series of turbojet engines. They were, as of that date, actively engaged

.;.n.production for the Naw,_ and the engines v,'_e_, therefore "in the same co.,.ee,A,o._._"_ _ - ca_ego_* "as

other Pratt & Whitney Aircrak engines." They, did not object to the testL_g of the engine, but

requested that the results be ke._t entirely confidential. _6

• *" " ,.a,, wl,.. a gooa jet _ ,_;- _*There was no ques,o._ *_ * .'*_, ' ,.n6._e, P._ & Winitney wouid be able to com-

pete yew effectivelyagainstWesfingi'-ouse,General Electric,and Allisonwithout the helpof the

NACA. Moreover, with a projecteddate of 1950 for the completion of itsWiigoos TurbLne

Laborato_ ixWest Ha_ford, Comn., Pratt & Whitney would soon have facilities for testing com-
._arable to those of the _: ' _ ' ...... ,.,mveI_na _aoora.:o_., The debate over the Nene _o,,_,,,_3. nave' "_,,^,po.,a,,_-._"_*
implications for any future -_: "; ' : ............• ,,,a,onsmp that .:he ,aooratory tonga.: develop w'_m Pra_ & Wn:tney
and the rest o# the o --;.-, :-_", " -

r,, May 19_,8 Cleveland engineers completed the preEn'fina_ repo_ of the tests of the N e_,e

in the iaboratow'snew AltitudeChamber, designedby Ben Pinkel.Located inthe "fourburner

area" of the West Wing of fine Engine Research _,_'-;_'_:'_,._,_,..o,these "burner rigs" were the fore-

runners of the PropulsionSystems " ' - " completed Ln "_- '_. a,aoo_a,ory _.,02. _,e NACA sent the repo_ to
Pratt & Whitney, Rolls Royce, and the military see'ices. At the same time it expressed the desire

tomake therepo_ availabletootherAmerican manufacturers"who may need thisresearchinfor-

mation to facilitate fulfillment of military contracts. '':r

Perhaps anticipating a problem with Pratt & Wi_tney over the distribution of the report,

Hugh Dryden, D_e.._or of the NACA, b_o_.on_ up the generai issue of reports involving specific
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©_tc_way ,Jfe,_vof the :\;e_e engi,r_e.

enginesin a meeting of the Power _-.'antsCommi_ee in May 1948.Drycen pointedout thatthe

NACA did not want toundermine the "competitivefreeenterprisesystem,"but "itwas necessary

to reconcilethe interestsof the military,se_wices,the engine manufacturer ir_'olved,and the

engineering profession, which is interested in estabiislning a general body of knowledge on aircra_

engine research. ''_s Besides, Dryden pointed out, Pratt & Whitney had never objected to receiv-

ing repots summarizing the performance of the engLnes of :ts" competitors, namely, Ai..'.son,";

General Electric,Packard,and Westinghouse."9

Pratt& Whitney's response was an unequivocal,ifnot unexpected,no. V_:P.Gwi_, the

. _ " " tOGeneral Manager ofthe company, resnonded, Kom our : *po,n_ofview the informa/on ceases

be confidential once it is given to competitive firms, e:_er dLec,ty or indirectly. Wm,e an

excellent repot, in our judgment, it does not contain research information. ''2° Research informa-

tion, m Pratt & Whitney's view, should be more _e,_era,. Pra_ & WK.tney objected to tt_e _eno--_'s

carefulrecordof data relatingto performance and designcharacteristics.

Pratt & Whitney's commercial interest in the en_ne could not be protected• The Nene in

the hands of the SovietUnion made itimperativethat_merican enginessurpassthe standardit

had set.Because oftheNene'schallengeto_e American jetengineco_umty, itbecame known
_,_;,,_,,2_ ro!e ofas the "Needle _,,o._. The the Cleveland iaborato_ was analogous.** r_sea, c_,

became a prod orneedle, _a_keptindustryfrom returningtoitsprewar pa_.ofextremelyconser-

vative{ifprofitable,"__. the sho_ term} engine _,rodu_aon.

The ,,.-_+ need fora _olicy * * -_* _',_ ',s_a_eme**_on the "releaseof informationon specificen_i_.es
was orougn_up inDecember inthe_ *;-" ... _-_* _ ;_ .,__._ee_,_gof+:'_ePower P.=_._sCo_.._ee, where itwas deba_,.d

at length. D,wden _, ; _ " out ........_,o,n_ec that "it would be uneconomical :or the NACA Lewis ._:,<,_,: ProDm-

s:on l.,aoorato_- to ....,.,,_.,..+_""_,_.._engines for conducting research in comoarison, with obtaining

engines built by the engine manufacturers." in general, specific engines were "supplied by the
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military services for research requested by them. in just one case the NACA nurchased _e

en_ne." He warned that if the NACA were forced to provide its own engines with public funds,
;+wouid consider itself - " "' ' to.. .espo,.slo-e the industry as a whole. In other words, results of testing

would be published freely, and proprietary rights would not be protected. With the present

system, it was only aker a certain time lapse that design improvements made by a particular com-
pany were disclosed to *;- ,-_^ *,,_ -o_,_er man_c_..e,s. While the ",,+_: number of_,,,_ reports involved was

relatively small, Dwden admitted that a policy that would provide a satisfactory definition of pro-
prieta W information was necessary. 22

The question of why Lewis Laboratory had to test specific engines at ati, although not

actuaiiv raised, was oe, _,ne.x. Why &d the : _" ,'_* _ of its ._. _ m,,o._,o.y appear to go out way to engage _n

work so close to development? :If the laboratory was doing fundamental research, why should it

test the engine prototypes of a particular company? There were two reasons: first, the laboratory

nedormed a service to the _4dr Force by testing aircraft -- "--. e,._,_es prior to their purchase; second,

in a field that was changing so rapidly, _dthout experience with actual engines, Lewis engineers
could not be sure that ti'neir work would be * : ....

.e_evam to the engine problems thai nee_e_ u.'-_,oen"

solution. The develooment, of the gas turbine engine was directly r,..&ect_:* " to the securi_ of tan'

nation. Competition could not be protected if it meant that in the event of a war the United States

might have to re!y on inferior engines. As one of the military members of the Power Plants Com-

mittee stated during the debate over the Nene, "One problem from the G ve- -,- ,-_ "-o _n..,e.,_ point of view

Four burner area in the Engine Research. BuiTding,
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was how desirable improvements which are known to _e Government can be made in engines
being purchased by the Government/'23

The proole.., with an open market system at a time of heightened concern over national

securitywas the conflictbe_'een nationalinterestand what would be most beneficialto the

individual companies. The NACA Power Plants Committee itself was a reflection m microcosm of

thislargerproblem.As theminutes ofthe ÷'-_"mee,u,o m which theseissueswere discussedreposed,

"The Power PlantsCommittee isresponsibletothe nationas a whole,while the members ofthe

commi_ee from indust_ are responsibleto the stockholdersof theircompanies/'Proprieta_-

rights were necessa_- to preserve competition, but "the question is how much compromise there

should be in the best interest of the country. ''24

The debate revealed that, in general, there appeared to be two classes of information whose

release industry found objectionable. The first type involved defects and ikmitations of a particular

en_ne thatcouldbe used todamage the reputationofa company. The second _e could involve_

forexample, a superiorcomponent likea combuston PraR & Whitney'srepresentative,Leonard

S.Hobbs, observed,'% man isnot improved by turningoverto him what a good man did."W'ida

enough informationa compeitor could deduce what made the combustor superiorand m£,_e

similarimprovements. The innovatingcompany could losethe fruitsofitsLnvestmentindevelop-

ment. in response toHobbs's objection,MassachusettsInstituteof Technoio_ (MIT! Professor

Edward S.Taylorpointedout thatimproved performance "isan excellentstimulusto eve_-one

elsetoobtains_i!ar improvements/'Edward P.Warner, former chiefscientistatLangley-,later

professor at MIT and editor of A_iat?on, lent his prestige to the government side of the argument:

"Everyone recognizes the desirability of releasing information that stimulates the o_er man to do
as well. ''2s

Ai'though Lewis Laboratory won the privilege to distribute its repo_ on the Nene because

the engine was purchased prior to Pratt & Whitney's license, the policy hammered out in debates

in the Power PlantsCommittee, the NACA ExecutiveCom_uuittee,and the Indust_-Consulting
Committee _ ""_ '_ ofres,rl,,_e_, a wide range information from open dissemination. The policy approved
in Tune!949 *_ " h, _, ,,. s_e_ t..a_, to prese_'e a manufacturer's_ competitive position, _ec-,m,.a'" information

on models or components under activedevelopment would be withheld unlessa specificagree-

ment were reached with the manufacturer.Informationon production models could o_y be

furnishedafterreviewby the manufacturer.In addition,the manufacturer was to be furnished

with the listof companies and individualsto whom the NACA intended to send information.

Finally,any oralco_'rmlunicationby the NACA beforea reportwas issuedwas subjecttoreview.

This strictpolicyon proprieta"yrightspreventedfreedisseminationof Knowledge gleaned

atgovernment expense.However, *,.heNACA could notrefusetoagreetoit.Without a satisfactory

relationshipwith indust_, the Cleveland iaborato_ would lose its centralpositionin the

mainstream of jetengine development.The cardinalruleof the iaborato_-became discretion.

When representativesofenginecompames arrivedtofollowthe testson a particularenginebuilt

by their company, their movements on the iaborato_ grounds were strictly lfiunited to prevent
them from obtaininginformation ' " o."aoou_ an engine , a competitorundergoing testsat d_e same

time.The stafflearnedtochoosetheirwords carefully.They mastered theelaboratechoreography

of "who gets "*'hat information." This discreet behavior of NACA engineers contributed to the

growing respectforthe iaborato_on the partofthe enginecompames. However, the NACA paid

a price.Capitulationto the engine companies kept the NACA in the mainstream of engine
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development,but itlimited#.e Lnformationthe NACA could publishDeely tothe entireindustry.

Itsroleas a goad to promote innovationby stimulatingcompetitionwas compromised.

The unfavorableoutcome of fi_edebateover propretary fightsrevealsthe vulnerabilityof

the NACA as the tensionsof the Cold War increased._lthough militaryplannerslookedon the

USSR asa possibleenemy inthe eventof World War illasearlyas !945,thisthreatdid not seem

immediate because ofthe perceivedinferiofi_ofSoviettechnoio_,z6The Nene designinSoviet

hands began to change faat perception.Oscar Schey, head of dne Compressor and Turbine

Division,pointedout in a 1948 memo that,in contrastto the enginesituationin the late1930s,

when _ey had more than 20 yearsofexperiencein reciprocatingengines,_e enginecommunity

had barelyfouryearsofexperienceinjetteci_oio_: "As Dr,Lewis oftenpointedout atthebegin-

ning ofWorld War ii/'he wrote,"we had to fightthe war with the fiveenginesthathad already

been developed and were in production."In 1948 the Umted Statesmass produced only one

turbojetengine,the Allison]-33iGeneralEiectrc'sL40}.27 Knowledge of the Emitationsof the

General Electric1-40compared tothe Nene heightenedthe concern of allknowledgeable engine

experts.SO greatwas the pressuretoimprove existingenginesthatSchey advocatedan extension

-, r,_;_ . _unn,_.;Plan Act meof the work week to 48 hours. V_nen Congress passed the U_ Wind _ _: "

roE'owingyear,the Air Force receivedfunding forthe Arnold Development EngineeringCenter

inTullahoma,Tenn. With extensivewind tunnelsand otherfacilitiesfortestingenginesprojected

forTa!lahoma,_e facilitiesatthe ClevelandlaboratorywoMd losefi".eirunique value tothepro-

pulsioncommunity. Moreover,the Act stipulatedthatthe Unita_-Plan tu_melsbuiltby the NACA

were to be made availableto indust_"fortestingprograrns}s The Cold War _reatened topush

the laboratoryback intodevelopment--itswarlin_eroleofmopping up forfineenginecompanies.

WHY ARE BRITISH ENGINES SUPERIOR?

The focus on _e Nene raised the question, why did the British produce superior engines

when theirfacilitieswere markedly inferiortothoseofthe United States?Not only didthe United

States have better facilities, but American en_.nes were made of better alloys developed to with-

stand the higher temperatures of the combustor and turbine. A consensus emerged that fi".e

superiorityof Britishengineswas the resultof meticulous engineeringand closercooperation

between members of the propulsioncommuniW. For example,john Collins,Chiefof the Engine

Performance and Materials Division, believed that British superiority could be "attributed to a

large extent to refinements in the details of the engine design and construction. ''2_ Dryden was

more blunt. He observed afte-,_ a trip to England at the height of the proprietary rights debate +_,,m__

the "lackofmoney forfacilitieshas forcedthem tomake the bestuse of theirbrains.''S°In addi-

tion,the British had been able to foster "a much closer collaboration between the -" ;-'_e_g_,_com-

paniesintechnicalroarers."Dryden ca_/edthe attitudeof RollsRoyce executiveson the release

of information,"in refreshingcontrastto thoseof Prattand Whitney, forexample/'3:

Dryden's perceptions correctly reflected the more cooperative approach of British engine

companies. The British Gas Collaboration Committee, established in November !94I to spur the

deve:opme,::: '_ o_. the turbojet, encourageo ....engineers to share mzormat:on. Frank Whittle recalied

that the commi_ee "helped a lot to decide in what order things should be done." About ten groups

involvedin jetengine development met monthly, and, although the meetings were stuffyand

formal,at _e panics in the evenings,"we reallyfound out what each otherwas doing.''3zThe

rationaleforthe CollaborationCommittee was the beliefthatgood ideasshouldbe made avaEable

136



PUSHING INNOVATION AND INDUSTRY RESISTANCE

i_ •

• i

)1: :

x

.i

to whomever could use them. in D_den's eyes,the differencein attitudeon the partof British

companies contributed to the contLnued superiority of British engines.

In the United States competition was regarded as the key to a healthy economy. The sharing

of technical innovations was prohibited by American ,,*: *- + ' •a,.,.,-,:us, laws.33 As lateas _948, ti_.e
general lack of coordination and communica-

tion among research laboratories and industD _

was noteworthy to R R Martinuzzi, an Italian ........

gas turbine expert employed by the British. He ......................................._,............

remarked, on a trip sponsored by the

American Society of Mechanical Engineers,

that within the American industry "the
(::-,.

general trend is to tac-ldethe problems in-

dependently of past experience -" of "a,_G what

competitorsare doing."Availabledata were '_i

neglected by designers. The author had high ..........
regard for the research of the Cleveland T:.ii!i!i!i

laborato_,but itwas hardly a clearinghouse

for information. Companies engaged in
deveIooment ; ; *. o_ _e_engines did " ",,o_ pay much

_te,,_ion to what the NACA or any other

laboratories were doing, s_
Des.oite ",t.-.eavailabilityof NACA

research,the engine companies resistednew

ideason the technologicalfrontier.Hans yon

Ohain, then a research scientist at W_ght To deve_,op _fterburners required &!i-scale engine
testing, here a system, consisffng of _a;in exhausts is

Field, recalled that when they were invited to ._ed on General Electrfc's ,[-4.0, 1£49.
tiae Cleveland IaboratoD- to hear the results of

• s_:4"the [aborato_'s latest research, ;, was almost

a festival because they had suc,h ; -,_ "'--_ " • , ..nte_,.s_z,_ o ana good things to say." The A:r Force was 'ail ears,"

but the work at Lewis was so advanced +_at "indust_ " , ' " " .... x ,,3s .,,. •,.. _ougm _tto the _,..... _ms was par-
ticularly true in _e compressor area, where fmndamental work on the transonic .....

_.O,.;_r,.sSO^ was

eventually incomorated into +'_e...design of the turbofan. Ybn Onmn'" credits Sflverstein w-in"" _'_ne

vision to persevere with compressor research, : ;*_ ..._esp._,. +:'_e a_itudes of the engine companies.

Gradually,. the research w_+_=_._,.Cleveland iaborato_- won respect and assisted in the _.ans_e.=,

of new ideas from n.e realm of the research report to the design of an engine. In addition to

_ubiished_ reoorts,, technical transfer occu_ed +_._,,,,_........:,..personal contacts between government
engineers and " _ _ " ,,sc_em.s_s and their "- ,;.-,_-_ _.,_ for,.o_ .... _._s m industry. The most effec.five avenues tins

exchange were soecia!, conferences to which selected individuals were inited. In a,_dl,o,.,"_ "+' ,, the

iaborato_ held ' ; ": _ ...._r.em:,a, inspections to show off its :ac!iV.es and explain the latestresearch.

Employees who were selected to give talks at various laborato_ "stops" prepared their talks

carefuliy. NACA engineers learned to be a_icu!ate, personable, and lucid Ln explaining complex
+ ,-" ! "_ " ar AD.;

ma,ena_. -.',aooratory,,a,,,_,onalsoencouraged after-hourssocializingwith industryrepresen-

tatives.GraduallyLewis engineersbecame valuedcoi_eagues_otheir ......--_

the enginedesigner,beingabietoassociatea reportwith a faceand knowing the historyofa par-

ticularpieceofresearchthroughpersonalconversationscreateda generalcnma_e foracceptance.

,_"_.'.___.._ ? %,,_;- .,, _"_ ,_ ,,-. r'*.

: :_ : ;-- • . _%2 ; %.;:",_'%.r_._ "- . :
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A mutui desire to keep abreast of what the other was doing led to a series of official British
and American contacts *_'," ' ,',"u..ougn the late I940s and early I950s. A series of B.a,s,. missions visited

the Cleveland laboratory, and representatives from the laboratory went abroad. The Army

organized one of the first American postwar tours, which came to be called by the British, "The

American Gas Turbine Mission." Walter T. Oison represented the Cleveland laboratory on the

nearly month-tong tour in june I947, visiting the major British engine manufacturers, as wel! as

the BNtish govermment laboratories, the National Gas Turbine Establishment at Whetstone, the

NationaI Physical Laboratories at Teddington, and the Royal Aircraft Establisl_ent at Farn-

borough. The tour ended with visits to American engine companies to educate them concerning
the latest British advances.

The mission drew no general conclusions about the reasons for continued British supe./ori-

ty. Nevertheless, an example cited by Oison showed the advantage of grea{er coordination and the

sha,/ng of informa5on. The development of a "universal" combustor by the Lucas Company had

led to its adoption by a number of British companies, thereby saving them the trouble of repeating
work that had already been done. Olson wrote:

The main adv_tage in combustion that England enjoys is that virtually all new gas

turbine engines start, off with a reasonably well deveIoped combustor. In the United

States the entries now under development have a vafety of styles of combustor:

many of them quite unproven. TNs is because in the United States there has been no

one organization with the manpower, the money, and a clear mandate to deveiop a

"universal" combustor for the indust_, that is no counte_a_ of the Lucas
Company. s6

While the general superiority of Bdtisln engineering, combined with a spirit of greater

collaboration, could be seen in the Nene, British work on engines with axial-flow compressors,

however, appeared to be behind that of General Electric's TG-I80 and the various models of the

Westinghouse "Yankee" en_ne _34t24C). In compressor design, the strong emphasis by the
NACA on _ 1 __he deve.opme,,_ of an axial compressor eventually a_:owea':" the United States to pull

ahead of the Bfi_sh. Testing the Nene, in fact, contributed to the Cleveland laboratory's growing

conf,.dence that the Nene's centrifugal compressor had limitations that would soon be overcome

by the more e_cient axial design. Neve_heless, the British were/.'so pushing the development

of an engine with axial compressors. Rolls Royce's Avor: engine was "without question the 'blue

cip' project" because, Oison reposed, many Bri_sh aircraft con.parties with projects in the

design stage planned to use the Avon engine. 37 The first major departure from the WhiRie

design, the Avon was used in the Canberra Bomber and other impo_ant British planes. It was

selected for the De Hawiiand Comet, intended to be the world's first passenger jetiiner. 3s

Clearly with +,he :Knowledge of the Cleveland laboratory's work on _e axial compressor in

mind, Olson noted, "It is quite generally appreciated among compressor research and design per-

sonnel *./,,at some theory for the effect of the bo',mdary layers in compressors and cascades is

urgenEy needed. Only trivial progress has been made on _2.s problem to date. ''s9 Great Britain

was at a disadvantage because it lacked a1._tude chambers to test full-scal..e engines and facilities

to test components, such as compressors, at high speeds. *° The National Gas Turbine Establish-

ment was the orly organization in Great Britain conducting large-scale cascade tests over a wide

range of conditions, but Olson reveNed, "The cascade resu&s are inaccurate because of boundary

layer effects in the cascade test fig itself "'4_
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COMPRESSOR RESEARCH

Lewis Laboratory's Compressor and Turbine Division conducted research on both centrE-

*' . _e,ax=,.o_. solution to the problem of two-ugal a-,d axial com._ressors. John Stanitz applied a - _ "*.'; -_

dimensional compressibie flow in a centrifugal compressor "_",w-i,. straightradial blades-an

achievement that estam_.snea":" ' " him as an expert in centrifugal compressors, ca ._owever,'" the com-

pressor s,az_ aiways had greater enthusiasm for the axial com_ressor-a l%acy o_ the NACA, s nrst

eight-stage axaai compressor designed by Eastman ]acobs an_ Eugene V'_asm..'ewsm in 1938 an_
tes_e_ m _94_. The smaller ¢ _ '_roma_ area of the axial compressor ma_e it more compact and better
suited ', " " for " -,_:, :aeroGvnamzca_v flight than the more cumbersome ce_,_-Euga_ compressor. However,

the greater aerodynamic complexity of the axial compressor presented enormous scientific and
1

engineering challenges. An axial compressor nag to be aes_g..eG so that air moved smoothly across

eac:h of the rows of compressor blades. Research initiated in 19.44 with the transfer from Langley
of work on theT , _ _, .. :_, _, • , ,

jacobs-_as,eLwsh e_oht-sta_e compressor laid the basis for the m aoratow's future

achievements in the compressor field. Jacobs and Wasietewski had approached compressor design

,_y applying the .:neo.D- for an lsoia.ed m.fm.:. This became the standard ap._roach of Ame..ca.,
designers "'_4-;: "u .... _ tlne mid-i950sfi s

Frank V/_t_e, zo, example, Iooked w_th _emusec superiority at what he considered the

Cleveland laboratow's misplaced emphasis on the axial compressor. On a visit to the laboratory

in 1946, he asserted that the centrifugal compressor would contLnue to be preferred for its -u_,_ed
* O',D

dependability. In I948 the abandonment of zne cemruugm compressor by American designers was

caie_ a "p_ty" by the Italian expert P. E Martinuzzi {at that time worMng for the B.._tsn_ "because

it appears that the axial compressor types whmn have re_laced the e_n,.er ce ..... f,aoais are not

more reliable, are heavier and 'several times' more expensive." Ma_'nuzzi speculated that

.4,merican emphasis on the axial compressor might re_'lect "a desire to disclaim British
. ,,4.4,nfiuence.

Between I945 and t950 the relative merits of the centrifugal versus *,h,._axial compressor

were debated in Great Britain) s However.. m" 4-_,_eUnited States few e,.omeenng'_*;" voices were

raised in support, of the centrifugal compressor. The main effort among American engineers fo-

cused in the early _ostwar period on deve,op._, o me areal compressor. A,,e._ca, industry

designers came to rely on NACA-generated data based on the isolated airfoil approach. As Brian
Nicheison ._ointed out in his recent Ph.D. " .-_ +; -.-. QIsse: _a,,o_,

Tt made sense for the Americans to rely on the '_somtec =_'.foz, method in light of .:he

wealth of data available from the NACA on the pedormance of a large family of airfoil

profiles. Whereas the Germans had rejected the isolated airfoil approach because it

would have required a great deal of experimental data, the Americans already had

such data avaiiable, courtesy of the NACA. It also made sense in another respect:

Americans had !ong used a blade ' *emmem design technique basec, on airfoil theory :"

designing .'_ropeiiers and single-stage fans and blowers. As a resu,,,:* American

designers not orJy felt comfortable using this type of design theo W, they also began
to view the time and energy. - s._ent "" " ' "1:. _eveiopmg ;*. ,_ as an investment. Thus the isolated

_,_ro,_c_,became the main American axialcompressor designtheory,during
,,_e19_$0s.e_

_e isolated airfoii approach was not precise enough to give accurate predictions of com-

pressor performance. The limitations of the isolated airfoil approach were first recognized by
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British aerodynamicists A. A. Griffith, Hayne Constant, and A. R. Howell of the Royal Aircraft

EstabIis_ent (RAE}. Howell published his ._¢¢o landmark papers on cascade theo_ in i945.

However, American compressor designers, reluctant to abandon old approaches and habits,

ignored the British cascade method until the mid-I950s. 47

It is difficult to determine exactly what role members of the Lewis Compressor Division

played in h'itiaily promoting the isolated airfoil approach and later coaxing the engine manufac-

turers to give it up. Industry designers never liked to a&.-nit they picked up useful information

from NACA reports and co_erences. From _e early postwar years, members of the Compressor

and Turbine Di_sion had concentrated on developing a supersonic compressor based on the work

h-,itiated by Arnold Redding at Westinghouse mad Arthur Kantrowitz at Langley during World War

ii. British cascade studies received increased attention as this work expanded. In the area of three-

dimensional flows, the research of Frank Marble, Chung-Hua Wu, and Lincoln _blfenstein built

on Howe_'s work and that of German researchers Walter Traupei and Richard Meyer. Marble

described the flow of an ide£ incompressible fluid through _ axiat compressor. Wu and Wolf-

t-, A "_stein tackled the problem of a ..omoress:ole fluid flowing across stages of an infinite number of
blades. 4s

In 1952 efforts at Lewis Laborato_ were directed by Robe_ O. Bullock to the development

of a transonic compressor. Bullock headed a group that included WilHam K. Pal.tier, William A.

Benser, Harold B. Finger, John F. _approth, Melvin J. Ha_mann, Arthur A. Medieros, Seymour

Lieb!ein,and I,wingA. Johnsen.Ha_mann and othersdevelopeda flowmodel forestimatingthe

shock lossesthatcouldbe an.ficipatedasfineairflowedthroughthe compressor.Seymour Lieblein

developed the diffusionfactor,D, now universaliyacceptedas a measure of blade loading.Ten

yearsofstag!e-and multi-stageinvestigationsculminated inthe development ofan experimental

eight-stage axial-flow transonic compressor. 49

To verifytheoriesdeveloped analvticM!y,the compressor staffdesigned and builtcom-

plicatedfacilities,calledsingle-and mu/ti-stagecompressor testrigs.The datatheyprovidedwere

essential to industry designers. Without this verification of mathematical predictions, no engine

company would have had the temerity to undertake the expensive development of a new

The ]acobs-Wasielev;s._i eight-stage axial, compressor
perfected in the 7950s.

...._: 'i !Sll_'..ii:.

.... . :) :-:

compressor. Res_._.s, made available to _',_

entire industry through NACA _'-" " ,,._o,,s, became

the "Compressor Bible': to members of the

engine community. Eventually the Com-

pressor Division prepared a manua! that sum-

marized the entire corpus of compressor

knowledge. This manual, issued in i956 as a

three-volume NACA Confidential Research

Memorandum edited by Irving ]oiansen and

Robert O. Bullock, marked the culmination of

NACA compressor research, s°

The NACA may have played a role in the

development of compressors similar to that of

the British Lucas Company for combustors.

The laboratov concentrated on generic com-

ponents forapplicationin a varietyofengines

oroduced by "_:_:....+ _ " ...., , ,.,_c,c_:_ manufacturers. W_lie
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the Lucas company actuallybm!t combustors to sell.the NACA aimed to establislza body of

knowledge on which designers could depend. NACA compressor work advanced the general state

of the a_ through dissemination of information, thereby saving individual companies the cost and

time of doing this research themselves. At the same time, by making knowledge freely available

to the entire engine community, it discouraged one compa W from locking in a competitive
advantage.

HOW VALUABLE ARE FACILITIES?

For the NACA, maintenance of elaborate research facilities cut into the time that could be

devoted to actual research, and, at first, the British _,.a_.,_=,ne_.'_"."_; " tnezr"" lead in the new field of je_:_

propu'sion. As Ben Pinkel recalled, a member of a British delegation once asked him. "When do

you have time to brood?" "" in the iong _,,_,,. n. the absence ofhowever, " run these facilities p_a o _, In
, _i r #ac.'.._+;es - • -suoe..o.. ...., , the British government mncec basic research by the "-_;,",.,._,,.:e companies that

was carried on indepe-'.de_tl.. .- .. y of the development o.-'.s._ecific, engines, s; Not only c-d'" t_.e"British

differ in the way that research was funded, but also in styles of _ero_.,;" to the oev,,.oo_,,.nt__': . _ ,_ of

specific engines. The British used a cut-and-t_ a_proach _" _ ....., ,na_ de_ended on om.:dmg an_ testing

successive models o.:. a particular engine. As Ray Sharp observed on a .e,.o_.,y_"_,"_ *_,-.pto Europe
in 195!:

Instead of concentrating first u.3on acquiring the tools, the eq,,p,,em,";'_" " best su,.te_ ' for

use in investigating powe_Iant problems and developing more oowerful engines, the

;t AO_e of the uniq'ae compressor rigs used to test axiai compressors, .9..8.

. iF!

-_"%[7:, !:.:_ ::7- '.":;;._ * r'_:. e *"_• --,

....... ,' ." : '_, _ _,J'..7, i'&,_'_,, .:;'[
..... :. _ L'&C K i41
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British spend great amounts of manpower and money to build large numbers of a new

experimental mode1, eacln one slightly different from t]'.e other. They often come up

with a ve_ good end-product, but the cost is greater, ! believe, than our system in

which we first study the problems involved, using our equipment, and then go ahead

and build only two or three of a new modeI, s2

So respected was the resultmnt engineering from the British system that in 195.3, when

Westinghouse needed help with its foundering 24C turbojet engine, the company signed a mutual

assistance agreement with Roils Royce to share afterburner *_ecnno_oo_f_'' m" order to :_ene_t'" from

British turooj..e.: _.: , ..' " ' expe._,se. On a visit to the Cleveland laborato_ after the signing of tins agree-

A Westinghouse axial-jqow turbojet _tted with NACA
variable area nozzle for a_erburner studies in the
Aftit'_de Wind Tunnel, !951.

ment, the Rolls Royce representative confided

that he had been "directed by Lord Hives to

foIlow through on the collaboration between

the two companies and see if Rolls Royce

could 'make an engine company out of the

bloody buggers.' ,,ss However, while the

British approach yielded shod-term benefits,

by the early 1950s British domination of the

aircraft engine field had begun to slide.

The key to the postwar American

approach to engine aevetopmen_ was the -n-

voivement of government ene:.neers sn..

Cleveland laboratory bu'ii'_- the necessary

facilities for testing complete engine systems,

_,u_ its expe_ise went beyond fulI-scaie testing

to _ne s_dy of individual components. NACA

engineers deveIoped theories to _r,.d_c_ engine

pe_ormance and ve_fied these theories in

special "rigs." The NACA tackled specialized

areas of research, such as components, com-

bustion and fuels, lubricants and seals,

materials, and heat transfer. Through publica-

tion and interaction between Lndust_ and

oov .......... t eng;neers, the zaooratory

encouraged innovation while saving the

engine companies some of the costs of

development. Government research promoted

innovatior_. A designer could not ig_,_ore a par-

ticudar im-_ovation if it was iikeiy that his com-

pany's competitors were going to incorporate

it into their latest engi_,.e prototy-pes.

The Korean War i1950-!953} marked a

turning ,_";"+._-:.in the _e"ve:o_me._,;_' ',* of the

American turbojet " _,."m,_s_ry, and the end of

British dominance. Before the Korean War,

14.2 . _- ; "
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more than halfthe aircraftenginesproduced inthe ": "" " o-"_m_e_ States were _ the piston engine type.

By the end of the war, d_e balance had shifted, primarily because of the reequipment of the Na_%_
_/th jetplanes,s4 During the war, Pratt& Whitney was the licenseeforthe oroductionof the

Rolls Royce Tay, or J48, the most poweffui engine produced by either the United States or Great

Britain. The Tay, however, was the last British engine to reflect d_e superiority of British engines.

When Wright Aeronauticalbought the licensefor the BritishArmstrong Siddeiey Sapphire

(designated the J-67 by the United States Air Force}, a turb_et with an axial compressor, the com-

pany found that its thrust was too low for the aircraft it was intended to power. The failure of
%9;c_,'¢ development of the Sapphire contributed to its demise.

Ironically, Pratt & Whitney, many years behind Westinghouse and General "_ *_:

acquiringturbojetexpe_ise,began todominate the turbojetindust_ afteritsdevelopment of the

jT3 J57}.The ]T3 initiallyhad be_er fueieconomy and more than double the thrustof itscom-
-_:+

pe_:_ors.The innovativedesignfeatureofPrattA Whiiney's engme was an axialcompressor with

a double shah {also called a dual-rotor or two-spool}, a feature that dramatically increased the

efficiencyof tan compressor._ms enginep-:acedthe company in the forefrontofaircraftoro_ul-

sion development, ss General " • " ' _;+, , "
. E_ec_ncs answer to Pratt& W ......ey s JT3 was the 779 w'_m'"an

innovativecompressor with variable stators. 56

By the mid-1950s the Ameican turbojetindustryhad matured and narrowed to two com-

panies:Pra_ & Whitney and General Electric. British aircraft engine companies found it increas-

ingly difficult to compete against their American counterparts. Two tragic crashes of the Comet

in !95& '.'eft the De Haviiand Company "n an unfavorable competitive position. The crashes were

caused by metalfatiguebroughton by the cyclicalpressurizationofthecabin,not by theaircraft's

Avon engines.Beforethe Comet regaineditsCeRificateofAirwoRhiness, De Haviland had lost

the commercial market toBoeing's707 and the Douglas DC-8, powered bv Pratt& Whitnev's

7T3.s_"The Britishhad setthe stagefor the turbojetrevolution,but they could not sustaintheir

early lead.

The development of superior

NACA facilities for testing engine proto-

types played a role in American

dominance in the enginefield.Thisview

issupported by remarks made by Rolls

Royce representatives on a visit to Lewis

Laboratory in 1955. They lamented that

the company "has been 'ledup the

garden path' by the Labor and Conse_a-

tive governments which have promised

toprovidefull-scaietestfacilitiesforthe

British gas *" _:,"_ur_,:.:e industry since

1945. ''ss Since these promised facilities

stillhad not materialized,Rolls Royce

planned to spen_ the equivalentof $15

million to ' "_om,d two small wind tunnels

Pratt & I_Rney's dual spool turbojet engine [JT3/P577 in
and two altitude test chambers. In addi- the ALfftude Wind Tz_nnel for nozzle studies as part of the
tion, in 1955 the British made plans to NACA's airera_ _:oise suppressio_ research, i957.

_: :::;'_:':" " ":_ " "" t _ " _"_'_'

• ,,!_"i,. _ ".<:' ,,
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builda largeai_tude4. _ ::_4. " " *"_es_fac_.:_yto testf_l-scaleenginesatthe NationalGas TurbineEstablish-

ment at Pyestock, with a second at Bedford. These faciliies came too late to recoup the British

lead. Roils Royce continued to send its engines to Cleveland for testing. As late as 1956, records

_rom the tog of the Altitude Wine Tunnel indicate &a_ the NACA tested the Roils Royce Avon

engine.

The Cold War justified the continued sharing of British engine teclnnolo_- with the United

States-an exchange heavily weighted in favor of the United States. Lewis engineers developed an

intimate knowledge of British engines they could share with Pra_ & Whimey and General Elec-

tric. American en_ne companies received a financial boost from large defense contracts necessary

because of the dominant rote of the United States in the Noah Atlantic _eaty Organization

{NATO!., The early i950s also marked a declkne m the influence of Lew_s" '_a,zorato_-' in.....d.e ai, craf_
WT'_ "4. r vengine field. The .... h_a.y services and indust_ had begun to develop facilities comparable or

superior to those of the laboratory. The era of the air-brea_zing engine research at Lewis seemed

to be reachLng a natural point of termination, it was _me to reassess Lewis:s future role in the

nation's propulsion research.
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CHAPTER EIGHT

SEIZING THE SPACE

INITIATIVE

There appears to be a strong parallel between the NACA's transition from aircraft piston

enginestojetpropulsionand the transitionfrom air-breathingenginesto rocketpropulsion.IIn

both cases_e NACA failedtoanticipatethe revolutionary,change in the nation'spropulsionre-

quirements.However, the historicalcontextin which these transitionsoccurred was different.

The American propulsioncommunity in the late1930s ignoredjetpropulsionbecause they were

caught up in the peacetime development of commercial engines. Just the opposite was true in the

early 1950s. The same rocket intended to be lobbed at the Soviet Union could propel a satellite

into orbit around ,.,arth, but national secu.dty a:cta_ed the nation's propulsion priorities. Unt'd

1955, when planning for the International Geophysical Year began, space was dismissed as

science f_ction. The milita_- focused its energies during this period on missile development, and

the NACA remained, valid/ugly or unwillingly, on the sidelines. The launch of Sputnik by the

Soviet Union in 1957 caught the nation, including the NACA, off guard.

Why the NACA stayed out of the mainstream of large rocket development may be as much

a poliical question as a technical one. Hugh D_den ;never went to Congress without a _._,.,m.m,

conceived, down-to-eartln program... He was all the more conservative when it came to asking
Congress for funding outs'ae of the "" a" a, _ , ,.• " _-<;- s sDecific, aeronautics ,:anaate. in dne po_a_,.a_"*"_ c_:mate

of the early !950s it was hncreasingly difficult to get the budget-minded Congress to suppo_

science and teclnnolo_- appropriations. The milita_ requested and obtained funding for research

folded into large budgets justified on national.' security grounds. This generous funding enabled

the Air Force to build new research facilities at Wright Field and an array of the latest in wind

tunnelsat Arnold EngineeringCenter in Tu!lahoma,Tenn.

The Army: Navy, and Air Forcefound themselveswith ample financialresourcesformissile

development.Given the constraintson NACA fundingpriorto Spu.hnik,from the pointofview of

one NACA engineer the NACA "would have stood as much chance of i_ecting itself into space

activities in an>- real way as an icicle in a rocket combustion chamber/'2 Yet due question

remains. Could an earlier and more sustained attention to rocket research have positioned the

NACA on the propulsion frontier before space missions captured the nation's imagination and

forced Congress to open its pocketbook?

Between 1945 and the early I950s research at Lewis Laborato_ focused on improving the

._eI-&Lstv engine, to a quiet, " .-. - _.turbojet, a DUa.-.V, rn_.,-q_¢ ;,. • %. _e_,e,.dab:e, commercially viable propul-

sion system. However, th_,s program in suppo_ of existing technolog 7 did not preclude more

advanced work. Beyond the duty to respond, to specific requests from the mn;.,a_;:;"and indust_,
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there was sufficient autonomy and flexibiiiG wi_in the program of research for projects to grow

organical/y from. withLn the laboratory, it was possible to al/ow work on iess conventional projects

in a few weii-chosen areas, if a particular project won the a_ention of Abe Silverstein, '.t received

support. Silverstein's "pet projects" may have had oniy a small percentage of the total budget of

the laboratory, but he assigned some of his most talented staff to these projects and watched over

their progress with an attentiveness that the more routine pr_ects did not receive. The problem

for the members of the rocket section was how to win the attention of Lewis's upper manage-

ment. At first, they were frustrated by the iack of suppo.._ for their work.

Since I945, when _e Cleveland laboratory established its rocket section, its small staff had

continued to study rocket fuels despite the general aditude of headqua_ers and Lewis upper

management against a strong NACA role in rocket development. The group's work was limited to

the study of propellants, particularly high-energy fuels, thrust chambers of rocket engines, com-

bustion, and cooling.By i948,the rocketgroup had produced calculationson theperformance of

a number ofpropellants.Among' .... _ ,-+_.aqum propellantsworthy ofexpen_,_e,_a_study,liquidhydrogen

appeared tohold greatestpromise becauseofitshigh specificimpulse.3 The rocketgroup became

convinced that the potential of liquid hydrogen to produce greater thrust than conventional fuels

could offset the disadvantages of its low density. However, the use of liquid hydrogen as a rocket

fuel presented enormous technicai problems. Liquid hydrogen is a cryogenic fuel, dangerous to

handl.'e and difficult to store. To verify predictions, laboratory facilities were needed, in addition,

itwas difficultto obtam an adequate supply of the fuelfor expe_ents. The study of liquid

hydrogen had to be passed over in favorof fuelslikehydrazone and diborane tobe used with

oxidizersiikehydrogen peroxide,chlorinet/fluoride,liquidoxygen,nitrogentetroxide,and liquid
fluorine. 4

When Abe Silverstein became Chief of Research, he allowed the rocket group more respon-

sibility and visibility.In 1949 the rocketsectionbecame a branch withinthe Fuelsand Combus-

tionResearch Division,headed by Ted Olson.John Sloop,head of the new branch,recalled,"It

was moved up one levelinthe <, ; _" _....or_,amza_zona_merarcny,named forwhat itwas, and givenmore

persomnel. ''s However, in the early i950s, rocket research remained a small fraction of the work

ofOison'sdivision,which focusedon thecombustion problems and fuelsofturbojetsand ramjets.
SilversteLn's ; _,n_,,,es_ was limited to ..... _ ce_,co_,_g.n o the group to establish the criteria for propellant

selec_on. Silverstem a!so became mildly interested in liquid hydrogen, perhaps in connection

with nuclear rocket _ro_uision. A 1947 secret re_ort by _hvsicists at the Applied _' "..... -.-nyslcs

LaboratoryatThe Johns Hopkins Universityhad proposed hydrogen as the preferredpropellant

for a nuclear rocket. 6 interest in hydrogen-fueled rockets thus dovetailed with the increasing

emphasis on nuclear aircraft and rocket propulsion on _ne part of the Air Force. Liquid hydrogen

also had possibilities as a :ue.. for high-altitude " "mrcra:_ such as the U-2. Si!verstein, however, did

not iend any muscle to support requests for additional facilities. Without facilities, the experimen-
tal side of the research suffered.

Members of the rocket branch realized that, to change the attitude of Lewis management

from polite tolerance to firm commitment, they had to do more than produce their quota of

research pa._ers.. _hey became advocates for mcreasea attention to roc_:e_'* research to aua:ences'"
both within and outside the" ' _ "_aDo.a_ory. Although they were careful not to push tae space applica-

tions too hard, other Lewis staff could not resist kidding them for becoming "Buck Rogers types."

Sloop, for example, gave two lectures in !949 as part of the Case extension course (ME 221}

offered at Harding Junior High Schooi. The first lecture tackled the general problems of rocket

150



S E i Z ."N G T H E S PA C E INITIATIVE

enginesand performance, mc!uding regenerativecooling;the second,solidpropellantrockets.

Sloop'sreferencesrevealhiscommand ofthe groundwork establishedby rocketpioneersRobert

Goddard, Maufice Zucrow, Willy Ley,and Frank Malina. Sloop indicatedthat,beyond missile

app!ica_dons,steprocketscouldbe used toescapeEa_h's gravi_7.He went so faras tosuggestthe

establishmentof a space _ _ 7 , :s,at_on.At ioca, regional,and nationalmeetings of the Socie_ of

Automotive EngLneers(SAE},Kiwanis Clubs,and American Legion Posts,Sloopand hisstaffham-

mered away at the same themes: the potentialof rocket-powered missilesboth as miiita_
weapons and as research + ' ' ,_oo_s to gather "basic scientific data about the upper atmosphere and

interstellar space." They advocated "a vigorous, large-scale research and development program."s

Ln 1951,possiblyin response to intelligencerepots of Russian advances in rocket_, the

NACA authorizeda focal Subcommittee on Rocket Engineswithinthe Power PlantsCommiRee.

That same year Lewis Laboratory receiveditsfirstformal appropriationfor rocketresearch.

How,.ver,the number ofpersonnelassignedtothe rocketorancn was stillsmall,lessthan 3 per-

cent.The experimentalfacilitiesconsistedoffourrockettestcellsconstructedduringWorld War

IIand four largertestcellsput up by an ad hoc laboratoryconstructiongroup,paid for from

laborato_ operatingfunds.The laborato_ stilllackedadequate facilitiesforproduction,storage,

and testingof liquidhydrogen rockets.9

Members of _e rocketbranch staffpaid closeattentionto Army missilepolicy,which Ln

1952was beginningtoswLng away from air-breathingpropulsionsystems.The rocketgroup began

toplana largerocketenginetestcomplex fora remote locationin the West,laterscaleddown to

a smgle faciii_appropriatefor a siteat Lewis. In 1953 the laborato_ acquired a hydrogen

liquefier,but ithad to waituntil1957 forthe new high-energyrocketpropellanttest_":'v_,to

be ready for operation.

In itsquestfora large-scalerocketfaciii_,Khe rocketgroup seems tohave receivedgreater

encouragement from the new NACA rocketenginesubcommi_ee than itdid from eitherDryden

or Lewis management. Jolm Sloop lamented:

Ironically,itwas the specialsubcom-

mi_ee on rocketssetup in 1951 and

managed by NACA headquartersthat

was the most influentialin prodding

both headquarters and laboratory

management into doing more

research on rocket engines. The

recommendations of _e subcommit-

tee,and particularly those of Chair-

man Maurice Zucrow, were crucial in

ge_%Sngfl'.e$2.5 mi_.on rocketpropul-

sion laboratoryfor high-energypro-

pellants,with constructionbeginnhng

in !953J°

it is possible that the tarnished reputation

of _e NACA in the early 1950s made Dryden

reluctantto push for an expanded role in the

nationalprogram of rocketresearch.In 1951 the Rocket Test Ceh', 1952.
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Diagram of a Liqu_,d PropeP,ant Rocket, t953.

NACA was jolted by the arrest of Wiiiiam Perl. Per!, a om_,a.:_ theoretician, nod worked at

Langley before his transferto Lewis. The _revious year he had completed his Ph.D. under

Theodor von K£.'zn_n.He was accusedofperjuryin -" _ " "'com.ect.on _nth me se_.s,.aon¢_"^_" ^: +.;_I,,._.of julius

and EthelRosenberg.Perlhad deniedtoa Grand Ju_fthathe knew the Rosenbergs -'"__,,n,.n,in fact,

during his year as a graduate • "..... .s_ua,,matCo-uma:a University,he had subletan a._a_ment rented

to one of the alleged ;_ " ." _ ....consp..a_o,s. The _ Bi suspected that Per i naa communicated sensitive

aerodynamic" _ - "_,, ' ":mo_ma_,o-,,includingnationalplansto aevelopa nuclear-poweredai_iane,to the

SovietUnion through_e Rosenbergs.These allegationswere never proved.Periwas convictedof

perjuryand sentencedto riveyearsinp_dson.W.,e_,e_there a connectionbetween d_e Pericase

and the NACA's fundingdifficultiesafterthe Korean War ispure speculation.At the heightofthe

nightmare of McCar_yism, itdoes not seem su_rising thatthe NACA might have been con-

sidereda securityrisk.:'_

The NACA's woes were compounded in janua_ !952 when _Jbe_ Thomas, Chairman of

4- ¢,_theHouse AppropriationsSubcommittee,aeman_,ea an investigationoftheNACA by _h,,General

Accountin_Office_GAO}, the first such "+;_' " .... "scr,_,,v the N AC_. had ever exoer:.encea. : nomas thought

that _e agency had too many civil service employees and possible duplication o_. _es_.a,c.,-o _ ;" e:ro_'_"-_

among the _''_ --_ " _ ': '_-,.ee laboratories, In September the GAO se,_ its auaitors, .ol.,'owea by a visit from
" '# _, r +Congressman Thomas himself. One can imagine the trepidation with which .abo_a_ory manage-

ment prepared for his visit. After an e_ensive tour, including stock rooms and new faciiities, Mr.

Thomas, itseems, went away favorablyimpressed.
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At f'_e MateAals and Stresses Bmlding he heard about the di_,sion's work Ln high-

temperature materials and its progress in developing alloys and cereal turbine blades. At the

Prop,.zlsion Systems Laboratory. still under construction, Sha_ stressed the utility of NACA testing

to support, turbojet development, He reported to D_den:

He was impressed by the possibHib- of geeing information on these engines before

they went into production, and I think he realized for the first time the potentialities

of this work since he comm.ented that it was obvious that large savings could be made

if the engines were proven before they were put into production. Over lunch Silver-

stein turned the discussion to the NACA's future research. He stressed "the need for

more intensive research and development on the rocket engine in this county in a

cov._nection with the long-range mAssile." He Iet Thomas know that a request for new

facilities for rocket development was part of ±e !954 budget request. :2

FROM MACH 4 TO INFINITY

In July 1955 President Dwight Eisenhower announced _d_.atthe United States would par-

ticipate in the International Geophysical Year ito begin iv. i957}. The U.,'Jted States planned to

launch a sate'.'iite. The idea of space exploration now caught the imagina_ons of men higher up

in fine laborato.,7, hierarchy--John Eward, George Low, and Woifgang Moeckei.._;ware of the work

in hypersonics at Langley and Ames, they thought that both space flight and propulsion problems

related to aerodynamic heating shoed be explored.

Preparations for the international Geophysical Year sparked a new awareness and commit-

ment within the scientific communiG to the peaceful development of space sciences. Possibly

because of its scientific imprimatur and fine fact that it was to be managed by a team of

Americans, the relatively weak joint proposal by the Vanguard group at the Naval Research

LaboratoG and the National Academy of Sciences beat a proposal by the more experienced yon
Braun team.

Lewis z,abor,,_ory s preparations were more moc_est. To prepare .:he staff for the problems

of Flight beyond _-'_,'_ atmosphere, they began to consider what courses to offer the ,o_!owmg

year m "J'.e non-credit system that _ounsnea under the direction of John ,.,v_a_d. Because the

course system served as a bellwether for new research ivi.tiatives and future reorgavAzations of the

laborato_', Eward carefu_Ay !aid the groundwork through discussions witch possible instructors.

With considerable trepidation Eward went to see S£."verstein. In describing the proposed course,
I- _ . .

Eward prea:cted that it could change tae tnznldng of the people who take the course, som_,_,_.o

that might not be desirab!e because of the dissatisfaction ;._ could cause with more .... -"

work. zs They....planned to call the course "From Mack _. to Imm_y.¢""_ " "V_nou_T_'"_ '_es,_a,o_.;_ _; " Silver-

stein gave Eward his support. "From Mack _ to Infinity" created a strong impression on those

who took it in 1956. The second year it was offered: the course was enormously popular.

A respected group composed mainly of the laboratory's theoret".cians-Melvin Gerstein,

George Low, Roger Luldens, Stephen Masien, and Haroid Mire!s-developed the part of the
course thatde_t "";'_' _ ' " " ' _ " 'w.,_. the concepts o _ nypersomc fhgn_. Some basic research m neat transfer by

Clarence B. Cohen, Eli Resho_o, and Ernst Eckert provided a useful starting point. "* V_o_fgang

Moeckei began to ex'plore the idea of possible flights to the planets using ".mconvent'onal propul-

sion systems. As part of his lecture "EaCh Satellites and !nte_laneta_ Travel," Moeckel reviewed

the literature on rocket prop'Msion. He recalled that he had first come ac._oss a description of
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electricrocketpropulsioninabout !949inHermann Obe_h's 1929book, Wege zurRaumschflfahrt.

He was pa_icularly" • : ,; "*, ,mmgue,_ by a chapterdevoted to .::,eelectricrocketthatsuggestedthat,for

space ,.ave,, rocket thrust could be proaucec by the flow of electrically charged panicles. _s
,ae chemical _ ",_._ ":-_'* '.ocK,.. was l;,.,_ed oy the enormous amounts of propellant required to be

carried into s_ace for _:_+ " " " " _.-. ._o_, to distant planets. Ait_ougn chemical rockets produced _ar _,ea_er

thrust,they had to carrylargequantitieso_fuelintospace.Electric-,,-_._gottheirpower _om

a generatorin space providingve_- smallamounts ofthrustover ve_ longperiodsof time.This

suggested to Obe_h, as it had to Robert Goddard in 1906, that _ _ _ " ''e_ec_r.crockets might be useful
for Ion_ d.s,a:.ce travel between _ .....p-ane_s. However, Ooe_h norne:,mer Ooadara tackled the

_racticai cuestions involved _._ me aeve:opmem of a _ower source. The electric _^_-^*

signedtothe categoryof intriguingbut ;._'_̂ ":,,.._r=c_ca,technicalideas.:_

Moeckei's colleagues received his first lecture with considerable interest. Expanding these

lectures later the same year, he came across two papers by Ernst Stuh!inger, who had worked on

the V-2 _,_Peenemunde under Werner yon Braun. :? MoeckeI may have neara' ' aoout' Stunhnger's""

wo.k a, the semi-annual meeting of the American Rocket Society held in Cleveland in 1956 where

Krafft Ehficke, also of the Peenemunde group, lectured on "The Solar-Powered Space SFSp.''_s
S:,-M;-,_,,. had" " _..... •"o'-" oe,.o_._eintrigued "*'wu_n the possibilities of electric propulsion as eariv as 1947

at the ^ .-_ . ' , ,,_n,.y Camo at Fort Bliss waen yon Braun asked him to restudy Ooe_n s rocket work.

Stuhlinger's first paper, ou_snec." ' .... :n !954, tackled the _uestion. that Ooerm'" ,.aa_' !eft unanswered:
how to _'_ _o " " ' "o,...er_,_ the necessary o +_; _.roog..ne.a_o_ _h_e_,,c,,.cDower :n space.He suggesteaa solar*'," ,_ -, -

consistedof a system of mirrorsand boilers._. Ms second pa._er, "_".... :"...... _ pu_,asneain 1955,Stummger

took a more radical approach. He suggested a _." _ _,.uc,..a, fission reactor as the power source. He
reasoned that "a "" : ''vemc:e designed for a Mars mission wou_ be lighter and somewhat faster if
.oowered by a nuclear reactor than ".f_ "_°. . ,_ were powered by solar energy. "_

Stuhlinger's papers imoressed, Moeckel because .mey" w,,,e'_""muc,.h more concrete, compre-

hensive •. " . _n_, eiectric propulsiona,.a realistic than orevious work." Once Stuh!inger had suggested *: _ "
was within the realm of" ;--: _ ...... ' •._ec,._.;ca_ feasm'._.xy, Moeckei set _'_*_,, ;_ *; :: "to "i...... _.s._s_,cai,y worK. :mmediateiv

began a study of" - *_ ...... _ * " .., o,_,_es of such _ow-_n,_s, systems in-low-_.,_,s_ _.ajec_ones, and the capa: ;:;_: ' : ...... _ for

te_lanetary trave!. ''z° If nea(_qua,_ers had been apprised of Moec_e_ s work, _t might nave been

discouraged as "space-cadet" enthusiasm. Indeed, it has yet to find application in space explora-

tion. However, like the analytic, work done on .._;_.u;_._.hydrogen before _=._e_-'_exper:memai:* ' facilities

' " " ,heo.et:c_ work _. _ _ , _: _,.,were authorized,or the_ _ : _'
on .Gpe.so..cs,therewas no need toinform V_as.,no_o_.

at t_.'s point. Moeckel received the strong suooort o.-"ms division chief, john _,vvar_, men neaa

of the Supersonic Proouision D.v,s.o,;, who gave mm tne necessary freedom to tD..nK through his
ideas.

Meanwhile, Walter Olson began to make a conceded error to -..a.. ,_ , to "l,_,,_,e.,ce D_wden tai<ea

more aggressive approach to NACA rocket " _ '" * "A ,,,.,,esea.c,. m Suggested Policy and Course of Action

for NACA w_t_ Regard to Rocae_ Engine Pro_uis_on ".... _" '. _o_;, O_,son advocated "advancing the
t

engine a_' by experimental work on rocket engines of 2o_,00_ to _,OOu,O0_ pounds thrust.

Aimougn missile applications are clearly intended in the document's careful wording, Oison,

a.;most apologetically, urged the NACA to also consider • ':'_ " ,......sa_em_e flight _mcn st_ii seems visionary
to many minds now." Nuclear-powered "- _ _ he " " "anc.a:t, suggested, might se_we as iauncmng pads for

_;_:_: " _o, a_,xn.ary thrust to increase the speed...o.- beyond t_.e atmosphere. Rockets could also be used _ - ," ":_

of lumbering nuclear-powered aircraft, z:

17 il_ .
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Although D_den. stili demurred, Si!verstein began to take a more active ._._,.,es_;"_-* m" the" wor_:"

of fi_e rocket group on liquid hydrogen. The stimulus canoe unexpectediy from aeronautics. The

Air Force, interested m liquid hydrogen to fuel turbojet engines for high-a!titude reconnaissance

m.craf_, supposed an expe_ental test program., at Lewis Laboratory called Project Bee. S::ver-

stein put Paul Ormn in charge of _e project and made Donald Mu.ho_ana h_s assistant. This was

exactly the "kind of hands-on ', TM _ _,e..gmeerm o project that Siiverstein found most challenging. At iast

the work of the rocket branch in high-energy propellants had gained his full attention. ;4,.esetup

a room in the basement of the Administration Building "'_ _'a'-..ec_:y below his office :or the project

so thathe could personallydirectit.The projectstaffmodified a B-57B bomber equipped with
;<ytwo Curtiss Wr._ht J-65 engines so that one engine could burn either jet fuel or hydrogen. After

extensive grom-_d testing of the hydrogen system, "t was fl,oh, tested over Lake Erie. When the

pilot switched the modified engine to hydrogen, fuel, ,_"_wor_:ec' ' _er.ec,y.*"_ +_ _"_.:..e program resoivea'
'k
.:_,e questions of Lnsuiation, structure, and ._um'_ing. of liquid hydrogen in fLg._::_'_.

ProjectBee validatedthework oftherocketteam.,as wellas provingthefeasibilityofliquid

nvarogen as a fuel for mrcrai-t T:..oug,, Project Bee, Lewis researchers received impo_ant prac-

acre experience in the nana_:ng and storage of Hquid hydrogen _at would later prove crucial

when _e iaborato_ took charge o_ the x • '. _ of " ::' ,- _;. ,.eve:opmem the Centaur rocket. Abe S,ve, s_,..n, with

Eldon Hall, wrote the final repot: "Liquid Hydrogen as a jet Fuel for High-Altitude Aircraft. ''2z

The iaborato_ setup an enginedesigngroup led by William D. Pitiertostudy !iq,,fidhydrogen

turbojet engines for supersonic flight. 23

in July !956 Dryden at last began to reconsider his ;_" tooppos,_on increased NACA participa-

tion in rocket research. He took the belated imtiat've to canvas the opimon of °&,._NACA rocket

subcom.mi_ee to determine the NACA's long-term research ,- ' _'age.ran. , ms conservative approach

was typical of headqua_ers when entering a new area of research. D_'den's cau.fious modus

operandi was to sol,,,:.: opinions and auila a broad base of national support so that it would

appear the agency was practicaEv pushed into the new work. ''z_ For five years, D_-den had ;c,.

noted both the rocket subcommittee's recommendations and pressure from Lewis L_,,o.^'' -_to.,fv to

" _ ,ms_.atea members of the NACA rocketallow more effo_ in rocket research. On &,. behalf of : • _ "

subcommittee, _chard Canright {em._Ioyed. by. Douglas Aircraft after leaving *_,_,.__e:"• Propulsion

Laborato_'} wrote in Ju!y i957:

We have constantly spu=ed the NACA on to tests on a larger scale. We have urged

them to become familiar with complete engines rafiaer than work only on component

R&D. We have tried to emphasize the impo_ance of rocket technoio_- to this coun-

ty's defense e:fo., and ,-"_,_ that the NACA devote a greater ._o_ion of its personnel

and funding to this important field, zs

On the eve of Sputnik, D_den s._i hesitated to take up the recommendations of the rocket

subcommittee, roli up his sleeves, and challenge a tiglnt-fisted Congress for a sara,at NACA role in

rocket development. Never*&eiess, Lewis management was now solidly behind the work of the

rocket group.

TRANSITION TO SPACE

* _ ,u.,,ojet engine to in-Late in 1956 Abe Silverstein was ready to leave fine problems of &,. +"_a

dustry. Two new facilities under construction-the rocket en_ne test facility and the nuclear reac-

tor at Plum B.oo:, :e,_,._.ea a rettfinking of the laborato_-'s research program. Suverstem began
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to consider a major reorganization of the magnitude of the one that had accompanied the -;_,_

from the aircraft reciprocating engine to jet propulsion in 1945.

Silverstein selected some of the Comoressor and "_-_ ;;_,,b,ne Division's most versatile engineers

and scientists to attend a "nuclear school." Eight additional engineers were olucked from other

divisions of the laboratory ana ,nv,_ed drop their current orojects and prepare for leadershio

in the anticioated reorganization bv learning the principles of nuclear physics. They" were taught

by- the small core of researchers at the laboratory who had been _'_-_._d in nuclear".,_,-o_ work for

almost a decade and professors invited from Case Institute of Technology. In all, 24 engineers had

no duties other than to attend the school for six months. The rationale for the nuclear school

appears to have been to single out individuals :,_ ....w_,, leadership c.uantles and teach them the fun-

damentals of new areas Silverstein believed would become the major focus of research in the

future. Presumably, these individuals would be the division and branch chiefs after the

reorganization, in Janua_- 1957 six engineers chose not to continue in the nuclear field. The

remaining !8 were dividedintothreegroups.Harold Fingerheaded a grouo towork on a nuclear

rocket.In 1960 he would be selectedby Silversteintobecome projectdirectorofthejointAtomic

Ener_- Commission-NASA nuclearprojectsatheadquarters.Eidon Hallformed a group tostudy

aircraft nuclear oroouision. He would also go to Washington with Silverstein ^_+- - ¢.,_e. NASA was

organized.RobertEnglishfocusedtheenergiesofhisgroup on a desion_'_ studyfora nuclearspace*

Dower system.With the imagined goalof sendingeightpeopleto Mars, theyproposed a nuclear

reactor wutn the po_ent,al to act as the power source for an electric rocket under consmeranon by

Moeckel's group. 26 Robe_ Graham, head of the Rocket Fluid Dynamics Section, took charge of
planning the iaborato_-'s firstseminar on rocket _ "_ ] " _........... p,o_u, sIon to train _,_,_:.'_^.-,o_staff in rocket
technology,z_

in March 1957 Silverstein's first act in _":_;,,,_ _" ,- '°_'_':'5 the I_oo, ato,w s research priorities was to
establish a research plannLng u "' '_ "co nci_. He abo-_sned the Compressor and "_--_'"_u,,,me Division. tong
one of the ore_er,_" _ " _ o__,:v,sm_.s . the iaborato_w. Many of the aerodynamicists WhO had worked on

+he axial compressor were asslonea to a new Fluid Systems Di_sion to study t_e mechamcs of

_.ow within rocket systems. At the same time S_ve_s_em crea_ea a Nuclear Reactor Division to

direct new research connected with _e reactor *_, ,_ ' ..... : ,__._e, unaer cons,,,_c_o_, at Plum Brook.
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Meanwmle, the streams leading to space research were convergLng. In spring 1957, the s,a_z

began to plan for a fall cor2erence on the evaluation of propulsion systems. Proponents of space-

related research urged Silverstem to allow them to include sessions on space flight and space pro-

pulsion systems, as well as more conventional subjects, such as turbojets and ramjets. Never one

to avoid considering unconventional technical concepts if there were a possibili_ they might

ultimately prove feasible, Silverstein agreed to give them one afternoon session. With the imagina-

tion of many staff now sparked, research groups worked up sessions on liquid hydrogen, nuclear

rockets, and space power systems. As Moeckei recalled, "The studies for this conference formed

tlne foundation for the rapid expansion of our research in the fields of electric propulsion, power

generation, and nuclear rockets." Ti'.e paper submitted by Moeckei's group on "Satellite and Space

Propulsion Systems" contained a distillation of the advanced thinMng of the laboratory-flights

to the Moon and Mars, with the focus on electric propulsion systems, zs

As preparations for the propulsion conference moved into high gear in September 1957,

Shlverstein called a meeting of the Researc_h Plannmg Council, whose members iv.ciuded Eugene

Manganiello, John Eward, Bruce Lundin, Walter Olson, Lwing PinkeL and Neweil Sanders. He

expressed the consensus of the group that "existing problems on the air-breathing turbojet engine

were not of sufficient laboratory interest for the continuation of a large-scale program. ''29 His

proposal that rocket research be expanded, while pro!:artionately reducing turbojet engine

research, effectively marked Lewis Laboratory's transition to space research. However, as the

Novemoer conference approached, S_.v,_,s_e.n became : - ".,__nc.eas_:._ly nervous about possible

criticism by Headquarters of the inclusion of a discussion on space propulsion. Would the

laboratory be perceived as an amate_ group of space-cadets? Not willing to eliminate the session

entirely, he cut the panels from a fuli afternoon to several hours.

RESPONSE TO SPUTNIK

The tension between the foot-dragging of headquarters and the gathering momentum of the

Cleveland laboratory, toward space-related research mounted in September " -"_ w _,_e_.reoresentatives

from headquarters visited the laboratory to evaluate its rehearsal for the finely orchestrated

NACA _iennial Inspection. The theme of the inspection was to be a celebration of the tenth

anniversary of the X-I, the first aircraft to f".y faster than the speed of sound. 3° Unlike the

anticipated more specialized propulsion covAerence directed toward a technical audience, NACA

inspections were intended to convey its work in layman's terms to a group made up largely of

politicians and indust_ executives. At one of the "stops," the rocket group proudly showed [obm

Victo_ the new rocket laboratory from a small plat%tin next to the huge new scrubber, pa_ of

the silencing and exhaust gas disposal system. During the prepared talK, V!c_ory or:sttea when he

heard references to space. F/ways on the lookout for an_hmg that might offend potential Con-

gressional sponsors, he ordered all re%fences to s._ace, deleted from the p.ese_.a_.o,.s.- ,_ *; ,_ As one

member of the rocket group explained, "The climate Ln Washin_on in the faii of 1957 was very

negative towards space." It was acceptable to mention the "slow-paced" Vanguard satellite

managed by the Navy render the aegis of the International Geophysical Year, but "anyihLng

beyond it was considered 'space cadet' enthusiasm. ''s_ Nevertheless, Addison RotDock, who was

also in the headqua_ers contingent, was abie to convince Victoj to allow one of the first eiectric

propulsion experiments-a rail accelerator-to be included in the presentations.

The Lntended celebration of ten years of supersonic flight caught the NACA looking

backwards. On October 4 the question of whether to discuss space-related work was moot.
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Be.'_ween the rehearsal and *2qeactual inspection, the Soviet Union iaunchea..... S._utm-<, the world's

first artificial satellite. Suddenly Chuck Yeager's dramatic breaking of the sound barrier seemed

like ancient history. Sputnik's flight beyond the atmosphere marked the dawn of the space age,

a new era of discovery.. However, to Americans, Sputnik sdso seemed ominous. Politically, the new

sateIiite was a symbol of the rising technical competence of an enemy. In the context of the Cold

War, Sputnik represented the Russian triumph in the first round of what immediately began to

be perceived as a space race. Victory's earlier resistance to references to space put the conser-

vative attitudes of headquarters in sharp relief. When the inspection began several days later,

Lewis engineers proudly unveiled their work on chemical rockets and more visionary space pro-
pulsion systems.

The presentations on high-energy rocket propellants were the highlight of the inspection.

Participants could admire a rocket engine capable of 20,000 pounds of thrust ready for experi-

ments with liquid fuels when they visited the new rocket engine test facility, s2 Sputnik at last
: _ • or. •r_ve_,.d the a_ention the laboratory on work of the smatl -.",- -"• co,.n,4e,,_ of "Buck Rogers types."

They could describe with impunity an idea for a winged satellite, similar to the shuttle, lofted

beyond the atmosphere by a multi-stage rocket booster. It was a day that vindicated their tong

commitment to rocket engines and fuels. They found themselves besieged by their coiieagues in
air-breathing propulsion for _-,-_.-,c,_...... _o on rocket fundamentals.

The most'_* :', " ; -*_ ,- " • , • • -,_,.,a,,ea cons.de, a_,o,: of _ewzs Laboratory% work in space propuismn was re-

served for the classified NACA-lndust_- Conference, he!d the following month. Once again, the
rocket researchers held center stage. The. " ' " _, '_resentatmn ey ]o_m Sloop: A. S. Bo._senbom, S. Gordon,

R. V£ Graham, P. M. Ordin, and A. O. Tischler discussed propulsion requirements for specific mis-

sions, including sudace-to-surface missiles, Earth sateliites, and Moon missions. They considered

both circumnavigation of the Moon and an ambitious Moon landing, using an ........ o :,at&

satellite as a base, probably the first detailed discussion of a Moon landing in NACA literature.
1- 4- f' •:ran:< E. Rom: Eldon %`: Sams, and Robert E. Hyland's paper, "Nuclear Roc.,e_s, and the ._a_er

"SateK.te and Space Propulsion Systems," by W. C. Moeckel, L. V. Baldwin, R. E. English. B.

Lubarsky, _d S. H. Masien, were equally visionary, s3 John Sloop and his colleagues had at last

found a receptive audience for their stubborn and lonely advocacy.

THE SPACE DEBATE

During the ,.attar.a1 soul searching that followed the Russian triumph "n space, Lewis staff

began to consider their role in the charged political and technical environment. Some engineers
' _ " to_oo:-_e_ forward abandoning " "_ *_" _ _ _,. * -'_aIr'mea"*:'no _no._.es In zero,m_mes to _acM,. the problems of _ _,;-,

gravity. For ot!_ers, to exchange fine far, iiiar roar of the wind tunnel for the siience of the vacuum

chamber seemed a .travesty. Bruce Lundin recalied that half the iaborato_ was afraid of getting
_,_.a,.u ,n_o s._ace and the *h ....o_.,er half was azram of being left out. "._'-.a +; -. ,,,e.e was some concern

among people, whose views i did not personoAiy share at the time, that if we got into space we'd

be into an operating .mission agency and the good things that they were doing in research would
be lost. ''a'_

Discussion of the NACA's role in space dragged on through meea,:gs"" o.-'.the Lewis Research

Planning Counchl and in informal debates in the cafeteria. This prompted the scholarly %,'alter

Oison to draft a document in support of space flight research.. He pointed out that space f_ight had

sc,en.a.c an_ m,_,_arv "_" '" '',mpor_am ; *:"_ ;';_ _"_;" meteorology andap_cauons. Space missions woum _,,._,_._._

astronomy by yielding new- data on radiation, meteorites, gas composition, electromagnetic

158
..... :: :,,_ :,12:: .":_:" " . : .. " .



SEIZING THE SPACE INITIATIVE

/

i :_II_L::

: . i "

•i:i 7::¸¸.¸ :

i _ /: .. •.

• i ii_<i-/
__ , ._i_ •

_i__

.phenomena,and cosmicdustinspace•Reconnaissancewas an obviousm,_._=,"i';:;_^"application.Oison

also stressed_,e propaganda value of space exploration,it would not only be a means to

demonstrate the tecbmicalsuperiorityof the United States-the importance of having :'.he

"technological _ ' " " •c,_pam-1_ of massive _:" " " ' ' ;-re_,_,!atzon -_u_ would also "- '_2. ._ ._e,_ "oot,_ ,6"iev.d and potev.tia 7,

foe convinced that s_ch is the case. ''ss Oison listed 15 specific problem areas in which he _hougm"' _

the NACA could make immediate contributions to a new space initiative. Most would be coI-

laborative efforts with other NACA centers or existing oove_a,-nmen'_ agencies. They. included space

propulsion systems such as chemical rockets, nuclear rockets, and the study of ion, plasma, and

photon 3e_s, auxiEary power systems; and materials for space vemcles and exploration equipment.

He advocated a new NACA laborato_- to '.:auncn' and ma:,a_e-"_ a manned, orbiting, space pa_orm.'_
In his view _is manned ' "_ _ ' "p_a_,o_m snouza be the main focus of NACA activities in space.

This plan was not bold enough for Brace Lundin, although many of Oison'sideas were

incorporatedintoLundiffsplan.Lundin thoughtthatthe NACA should aim at nothinglessthan
!eadershi_ " ,,o_ a,, entirely new national space agency, At home on a "- " *,,.me_ Sunday a_ernoon :. . _ m early
December, he produced a memo for Abe Suverstem"" d_at he called "So,.e"_ Remarks on a Future

Policy and Course of Action for the NACA." He argued against the collaborative approach, which
he thought "weak and ;,.,_._:_,....._.,,s6 He advocated a "bold, " ;,- ,....... ,-_,-_. _mag,_,at,ve, aggressive, and

• " ,.t _ ,r

waona_- pro_am. He warnea that 1: the NACA focused on a specific project, like a manned

space platformor placinga dye marker on the Moon, thismight "dangerouslylimitour goals,
r +,4
_es.**ctthe range of our dninking,and give us nod'ringto grow on."Aeronauticalresearch,not

direc'dy controlled by the military and directed to national goals, had been the traditional role of

the NACA. in tones resonating with Cold War f"etoric, Lmndm declared thai space research was
a matter of :,at,o.ml survival:

i.

The t_ocket Engine Test Laboratory comp!eted, in 7957.

................. :_,_g_

• ,, ,, _ ,,_, _ %,_:._J_
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In our technological age, it will be the count W that advances in science that will have

the greatest impact on the emotions and imagination of men, that will command

respect {or at least allegiance}, and that wili gradually assume world leadership, tf

Russia " *' 'noes ram, eventually their way will be the way and we will have iost the strug-

gle withoutKnowing justwhen and how a,_ occurrea. The final victory in the struggle

may well go to the country that offers mankind the greatest scientific
,,_, a- .4gac,.,evemems.

The memo suggested that the NACA coordinate all American space-reiated research, both

w_.... n the government _ ' ....ann by indust_:. To have a successm.: s_ace. .Dr°_am_o. ..., new :<nowle_ge nao

to be generated. Lundin took a shot at the " ' _" " . 's_ep,_cai Congressmen and budget kee._ers.' Even he,

however, was not boid enough to ",<,s_,oges_ a development or a mission role for the new agency, ss
Si!verstein shared '_- "',v ,_'.... _ ,.,_unm.. s e_._,_,s,as.., for a strong leadershi_ role for the NACA in space

research. He set up an informal committee to begin to formulate plans for an additional laboratory
to be devoted to space flight research.

On Dece,.,,,er :8, Dwden ca-iea a ,,,eet.% _ the directors and associate torte,ors of the

laboratories to discuss the future :oie of the NACA. in preparation for this meeting, Siiverstein

honed Lundin's ideas into a memo called "Lewis Laborato W Opinion of a Future Policy and

Course of Action for the NACA." At Headquarters, when Dwden called on Hen U Reid and Floyd

Thompson of Langley, they showed little enthusiasm for the idea of taking on a large role in a

national space effo_. Smith DeFrance of Ames emphatically opposed a NACA space initiative

because he feared _at the NACA would lose its identity, s9 Silverstem, iast to speak, pulled the

"Lewis Laboratow Opinion" from his briefcase. Not only did he argue for a central coordinating
" _ Du_ also _role for _h,. NACA, '," _..e strongly advised that a new NACA space flight iabora.ory be

authorized by Congress. Siiverstein's strong advocacy swung the opinion of the meeting in favor

ofa new space %e, acy.The ideasex,aressedin ,h,."Lewis LaboratoryOpm:on .ae,.am,._,ebasis

forNACA space policy,known as the "Dryden Plan/'a°

That evening,Dryden and James Dooiitt!e,the Chairman of the NACA Main Committee,

hosted _he long-remembered "Young Turks Droner inthe Ca!iformaRoom ofthe S_a_e_Hotel

in WashLngton,D.C.The hostsintendedtogivethe middle management ofthe threelaboratories

a chance to expresstheirviews on whether and how to redirectthe goalsof theirvenerable

researchorganization.SilversteinselectedWalter Olson, Eugene Manganieiio,and Demarquis

Wyatt to representLewis Laboratory.The sober Dryden gracefullyaccepted the barbs flungat

him by some of hisinebriatedstaff,who calledhim too cautious.He would encounterthe same

cNticismafterhe testifiedin the House of Representativesthatplacinga man in a spacecapsule

was likeshootinga ladyout of a cannon,john Stackof LangleyLaboratorywent so faras to call

Dryden an "oldfogey."The Young Turksofthethreelaboratorieswere enthusiasticaboutjumping

Lntothe space arena.<

Two days latertheseven members of_e Lewis ResearchPlanningCouncilmet toformalize

the appointment ofa specialcom=mitteeto planthe new space !ightlaboratoryrecommended in

• e "Lewis Opinion*'document. The members ofthe commi_ee were Howard Chiids,Chairman,

Edgar M. Co,right,Robert E. English,Edmund R. johash,Bernard Lubarsky,PhiilipN. Miller,

and IsidoreWarshawsky. William Mickelson servedas secretaQ:They were giventwo months to

produce the plan.On February i0, 1958, they submitted "A Program for Expansion of NACA

Research in Space Flight Technology:' Not surprisingly, given that it was conceived at Lewis

Laboratory, the document defined the mission of the new- laboratory in terms of launch
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vehicles--a stable of chemical, nuclear, and electric rockets. It would cost $380 million over a five-

year period. The cost of expanding existing laboratories over five years would cost $55 ,"c/ilion per

year. Notably absent from this early planning docmment was a consideration of the mechanics of

how missionswould act'aaHybe carriedout,and therewas almostno mention of manned space

flight.The document recommended thatthe NACA staffbe increasedfrom 8000 to i7,000over

a three-yearperiod.!tcalledfora budget increasefrom $80 millionto $i80 million._2

By NACA standards, this was a bold and visionary plan, but in hindsight it reveals the

tenacious grip of the NACA's past practice. The new space laborato_ would generate the

knowledge, the technical.'know-how, necessa_ to make space flightmissions possible.The

development of the actual hardware to be sent into space and the operation of those missions

would be left as it had m the past, to industry and to the mAiita_, respectively. There may not,

however, have been a clear laboratory, consensus on His last issue. Bruce Lundm later recalled

that he "definitely thought that we should be responsible for the b/.ldmg and operation of launch

vehicles and spacecraft just as we had always built and operated test models m our wind tunnels."

In LundLn's view, the members of Silverstein's special commi_ee represented the ideas of the

group "that ",'as afraid of geeing 'sucked up' into space and who preferred the comfo_abie haven
of their research beds. ''_3

The significance of the February I0 document iv, the evolving plans for the new space

agency is not entirely clear. Ln 1965, when he was mte_iewed by Mercury historians Lloyd Swen-

son, ]ames Grimwood, and Charles A/exander, Dryden recalled what is unmistakably the

February 10 document as "Lewis Labs' bid for a iot of propulsion-nuclear propulsion-all so_s

o.-"things and a launch site." Dryden criticized Lewis planners for neolec,u, o manned s_ace flight.
, - /. 4._.%He recalled ms own pas, opposition, as wee as ,,e opposition of the yon Bra'.m group at Hunts-

•dlle, Aia., to NACA participation in the "big rocket business."

Now their principle problem was that Huntsville would have nothing to do with finem,

and _ey did get into the rocket business on a small scale, but I always resisted their
+building up big facilities for Thors, and that son of thing. So ,h,s [Se plans expressed

in the February i0 document] represented a sort of culmination of many efforts of the

pro._ulsion laboratory to get into rocket propulsion on a .a_g scale, just as ,:.ey were

in engine-jet engine-propulsion. _

D_den claimed that the Lewis document had no status and never went further than his

desk drawer. This is doubtful, since the document was later cited in the significant memo of

March 5 from President Eisenhower as evidence of the NACA's competence to direct the new

space aoe_,cy.

Initially it was not at a!i clear that the NACA would become the government agency around

which the new National Aeronautics and Space Administration would be built. The external

perceptions of the NACA after Sputnik, expressed both by the nation's scientific communiU and

members of Congress, was that the NACA was too conse_ative to lead the exploration of space.

Presumably, what made the NACA conservative in the eyes of the scient'sts was that it did applied

research, an activi%- with a lower status than the work of the Navy/s Vanguard group or

universiU-based space science studies. To lawmakers, the NACA was a small agency without

ex?eNence Ln the management of the huge budgets _pical of defense contracts. The Cold War had

accustomed Washin_on to thLnk in terms of large-scale technolo_ development. Firm centralized

control of all three elements of the proposed space program-research, development, and
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operations--seemedrequiredtocalm the nation'sfearsof Soviettechnicalsuperiority.In the end,

the NACA won the leadershio of the new s_ace agency, not because of its positive , _:.'{. _ qua,_,esas a

research organization, but to avoid having _e new agency become an instrument for the

militarization of space and greater Cold War competition, gisenhower favored building NASA

around the NACA because he wanted a civilian agency to direct the conquest of space. "Such
• C¢_;reasom%, according to Mstorian Waher McDouga!i, "made elevation of the innocuous NACA an

attractive answer to the question of what to do about outer space. ''46

There is no doubt that, as a small federal agency in the national security state of the I950s,

the NACA had taken a conse_ative approach to funamg. Tec,mmaily, however, the NACA could

be quite daring. D:Tden had encoura, ed the staff at ati three _^>, - _"_,,o.ato._es to explore advancedO

technical concepts. National aeronau_cal policy had stipulated that fundamental research was the

province of the NACA. Development was industry's prerogative. Operations oem.4ea to the

miiitaw. 4r During the so-called "lean years" between 1952 and i987, the organizational structure

of the NACA allowed its three laboratories--Lan_,:ev_o, ,, Ames, ann' L,.w-s-cons_aerao_e_: " " autonomy.

Many of the technical and scientific problems the laboratories tackled during these years belie the

label of conservative. Obviously, each iaboratow had to respond to the needs of the military and

industry,, but the NACA aiso prided itself on anticipating the technical needs of the nation by

laying a base of knowledge on which to build future a,.ve.oemem."_' I "

A,tnough it was unaers,ooc_ that a,.. NACA research would ummately be applied to aovance

aircraft technoio_; projects whose immediate commercial applications were not clear a'ways
attractedconsiderable ; _ 4-atm_eres_ the three NACA iaboratories. Ames Laboratow's _,0% and sus-

tained interest in the problem of aerodynamic _ _',,_, ' -,.eam.o culminated in Harvey Allen's blunt oo_y

theow, " * _ , ' . , •la_e. applied to the shaoe of the Mercury reentry capsule, zn Er,gi.,zeer i_ Charge James

Hansen describes the audacious reach of Langiey's X-IS program to the edge of space, e's The

X-series of research aircraft, a joint program with the Air Force and the Navy., involved building

aircraft prototypes. As applied research, the program came close to the line separating research

from development, but it yielded valuable technical mad scientific data.

Three examoles, of NACA research at Lewis Laboratory. belie the,"_a'oe_of consecutive: high-

energ T rocket fuels, nuclear rocket propulsion, and electric rocket propulsion. Technically, two of

the three areas of research-nuclear rocket propulsion and electric propuision-have yet to find

applications. They were too visionary rather than too - '; "_' "...... conse.va,ve. _ne mzra, liquid _,y,,_"'_-%e,.,_,"

contributed substantially to the ability of the United States to laud human beings on the Moon.
Because of the "*'" "_.a* ,amome,_m _: _ _,_ese space-reiated - i 4- , • •p, ooec,s had developed prior to the _auncmng

of Sputnik in October !957, the transition to space was not as dramatic as the transition from the

piston engine to jet propulsion. Lewis was already primed for space. Spumik _ ' "_oo:< the iid off the

pent-up desire for more funding and recognition for areas that were already receiving consider-

able emphasis. As Business Week reported, Lewis Laboratow "ieaped over to space" because it

had begun its jump well before Sputn':.k. a9 Nevertheless, _.-, the contex_ o; the total _ - ",,. _esea. c_:

program, &es,. effoxs prior to Sputnik were small. _::<e the transition from the piston engine to

jet propulsion, it was late. The NACA stayed too long in air-breathing engine technolo_. Silver-

stein missed the ear!y oppoxunity to throw his full weight behind the efforts of the rocket group
to develop ;';_,',_,on-ene_gy rocket propellants.
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FROM NACA TO NASA

On March 5, i958, President Eisenhower announced his decision to organize the new space

agency around the NACA. In his memo justif-ying the decision in favor of a civilian agency, he

cited three documents to underscore the interest and competence of the NACA for leadership of

the space program: the so-called "Dryden Plan," based on the ideas found in SiIverstein's "Lewis

Opinion," the February 10 plan for the new Space Flight Laboratory generated at Lewis, and the

January. I6 resolution of the Main Committee (drafted by fi_e NACA's Special Committee on Space

Technolo_-, chaired by H. Guyford Steverl. This resolution endorsed the role of the NACA as the

national coordL".ator of space research, s°

Between March an_ july, when the Space Act that ,'+'_ "" .....• " a,,..o.Izea the Nat_ona_ Aeronautics and

Soace AdmLnistration became law, a very different organization than the one envisioned by Lewis

planners took shape. Although they had proposed a role for the NACA that they _, "',_- "CO_Sl_.,.., e_

radical,because of the publicfurorraisedin the wake of Sputnik,the new space agency could

not be organized accordingto the old NACA model. After considerabledebate within the

Congress, fiae new agency was given extensive responsibility for development and operations ior

missions), in addition to research, s: Moreover, the NACA had to give up its flexible committee

structure and _e autonomy of its laboratories in favor of a more centralized management.

Although it is often stated that the NACA became ti'-e nucleus for NASA, this is not entirely cor-

rect. because the NACA pu_ ose and way of doing bus:mess was entirely transformed.
K:Once the NACA's mandate was clear, Dryden asked Siiverstein to assist -._m in the creatzon

of the new space agency. SHverstein turned down D_den's first invitation to relocate to

Washington, D.C., but when asked a second time in spring 1958, he complied. Among the leaders

of the NACA, Silverstein was the best suited to take on the job of pulling together the diverse

elements of the new space flight development programs. He had drive and organizational ab-ii_.

For the ::_'_:.o,three years of the agency,, Si!verstein's Office of Snace. F..':gh_'"" Programs had full

responsib_ity for the Mercury Pro_am and NASA's unmanned satellite programs. Siiverstein

named the Apolloprogram, and irisofficeaisolaidthe earlygroundwork forthe manned lunar

-anamg. Becauseof Silverstein'stechnicalcompetence,theforceo.-"hispersonality,and the ,_.aliff

ofthe staffhe selectedtoserveunder him, power atHeadqua_ers was concentratedin _s hands

untilHeadqua_ers reorganizediv.mid-195i,s2

When Dryden was passed over infavorofT. KeithGlennan as NASA's firstadministrator,

" ; " " ofG'ennan took a leave of absence from the P, es,de-,cy Case T _ ....mst_,_,, of Technology. Having

se.wed as a Com_'rdssioner of the Atone Energy, Commission from 1950 to I952 and on the Board

of the National Science Foundation, he had good Washin_on connections. G!ennan wisely Lnsisted

that Dryden remain as NASA's Deputy Administrator. Both he and Dryden were sworn in by

PresidentEisenhower on August 19,1958.He was catapultedfrom a job managing an operating

budget atCase of $6 to7 million,toone of $6!5 million.G!erman approved the NACA plansfor

the Mercury Program with an enthusiastic "Let's get going and don't spare the horses! ''s3

Silverstein had assembled an impressive group of former Lewis staff in his Office of Space

Flight Programs. He was used to fostering LnnovaNon in engines at Lewis Laboratory. At Head-

qua_ers, iris innovations would be administrative. Nevertheless, Siiverstein's people had a feel for

*,he technology _ey supe_wised. Demarquis Wya_, a former Assistant Chief in charge of Lewis's

supersonic wind tunnels, "knew how to keep day-to-day operations running smootbfiy. After a few

weeks in Washington, SilversteLn asked W_att to become his Technical .A.ssistant Ln charge of

budgets, personnel, and trouble shooting. Wyatt faced a significant problem in figuring out how
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todcveionand _-o_, ' ' ' me M_.cu._ Program. Robert G,_;_., completely_ ",o-x'• .,¢a,._oe a OUOge._ for =' ', ..... ;_ .... ',.

in itstechn'caldemands, allowed financialdetailsof payrolland contractorestimatesto slide.

Wyatt devised a financialcontroisystem for prqiectmanagement to streamlinethe unwieldy

_,.,e_ea Haro'd _._ _ who _" ' * ' " '.... 6e,, ,,aa _aKen ,sart m ;,ew-ss nuclear school," to
become chief of NASA's nuclear programs. Francis C. Schwenk, also from Lewis, set to work

under Finger to develop nuclear rocket conce_ts. Neweil D. Sanders, who had first served under
Siiverstein ,,n the _ _.,.,_ .,,,-. '- ""• " _\_,.,., %,_.;e_ and _,¢,_ Research Division, oecame Assistant D..e,,_o. for

Advanced Technology. _,_<, _ r',,,-_,;c,:,_ "n,,,_a, _M_.,.,,, .... o;_, _.,."_ann George Low. a._ ,.,,:,. at,_,_e,,_ff brothers Rensselaer
;:,,-,. .... ;.... s_,_e, also took ;",, -'-" ,"+ ............. no.,a_,, oosi.tions tne neagnng Both nan come to

_9._ masters degrees _,, aeronautical _,,-'o;,,_,-_-,_,Lewis Laboratory in * _o v,_.,.,;*_ ...... _.......... o. Cormght, once

Branch Chief for the 8-foot x &foot supersonic tunnel, had also taken part in the nuclear school.

He had supervised some o." the ,_ ,-: - ,-,lo,_n;--_, to _ , , " '_a;q u....... _,_. deveioo electric sroouision concepts. At Heac-

o,_,_e,s, Silverstein .... " _: >* or_,_ .. c,,_,oe of Advanced _ ": ' "_ wo .... g,,_ ;" _'_'_ _e,,nno_o_, Programs .'n the Office .

Space Plight. He headed NASA's meteorological satellite program, which included TIROS and

Nimbus. Later he became Assistant Director for the Unmanned Lunar and Pianetary_ Program•

George Low became qm;_,-_,_;,,'_ aenutv _ charge of. ,r ..,.-, • , g............. " .,. Ma,,;.ec Ssace Fii ht Programs. He

shuttled tirelessly between Robert Oilruth at Langley and Silverstein to keep communications
osen and Mercury oserations ..... ,,;-o .-,- _",_;. : •. , _._.... _,_ s,.,oo_,.,,., ;onn Disher and Warren North, also sp,,_,.a:";:_':

away from Lewis Laboratory, took key posts in Low's operation. They became early advocates of

a lunar landing, in i959, when Low served on NASA's Research Steering Committee on Manned
Space i;_,+ • " "F.,o .... cna,rea by Harry " " "e * ,.,.;oe_,., pressed the committee to consider the Moo;. as a goal

to follow after the Mercury program. Bv October 1960, Low had the green light from Siiverstein

to set in motion the first formal planning for a manned lunar program. Low's memo to Silverstein

tersely stated, "it has become increasingly apparent that a preiiminary program for manned lunar

mnmngs snoum be formuiate¢. Tn:s is "-ecessarv -.'.-,order to urov;c.e a .... :,._,,n_:^,_

Apoilo, and to place Apoilo schedules and technical plans on a firmer founda.tion." Low advised

the formation of a working _.o,_u_.... cons;.<:.n¢,.-".... o of Oran Nicks. gidon _,_,a_":and john" Disher. Snver-"
stein's curt response, "O.K., Abe," _,.... ;o :_ " "," " ,_ at " " _* ._,s,,. av, .e,.. tee oo_Lo,.; of tl-e ..e..v, set in motion

cu-..,.;a_,.a years ::"*_-,a_,.. the 'grant ieas for _-_ _._x,:_
• >" _; * _;_ lunar !and;nos¢

S**ve.s_e_, also took _,_eo m:,um of _'_;o_+c,_._,_ o: the pianmng Goddard Snace " -,_ ,-. _.,_-_ ,..e,,_e,. Working

w:.:p sseeC and ............_;°_"_;"v2.......S,xe, s_e,, chose ">,_ site ;o, Ooddard anc, su_,_,e_O_oo.... its name. He

slaved a ma{or role ".'- ,,,_,, *; _: " _x.,_,':<-' ' ; " Va..... ' to. , . . ..... _o,a_,o,;s the Navy to or.rig the _.,g,a;a team Goddard. Silver-

stein stenoed in to serve as acting director of the Snace "'._:,_-,:"' ' C'_"*_-...... until its mission ,'*,';-,""

NASA was sorted out and he was able to orevaii upon Harry Ooett from Ames to become its new
director,

Like the _, .... : "_;- _- " " " ".. ,_'...,,_oe .... a_o .... o,, Langley. .;n_the earn i940s who snasea the C,ex ,..a;,,, ;_'_'oo.-a_o,-y,

the team from Lewis imprinted the new NASA organization with NACA traditions as they

attempted to modify old ways in response to the new goals of NASA. The nervasive NACA

:,,;,uence was a_wavs asorec'a.:ea by new NASA em.oiovees recru-tea from outs;de .:he NACA.

At Ooaaara, where tb.e core oa.^.¢.¢came from the Nava" Research L_oo, a_o.y, a ,,_ss,,_;,_.e,.,

empioyee circulated cards embossed with the message "Help Stamp Out NACA %,pes." Although

NACA influence at Headquarters gradually ';_:.,_; _, ! ,',,,--'-_¢, " first " of *'a.., ..... s..ea, c ..... s the mur)'ears me.,e%;_ _"_o
agency, Silverstein was me ,),.c.,_.**, _._ the whole ,.,_,;;,,,'_"ss,,.,.,.
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NACA's SpecialCommittee on Space Techno!ogy,caiZedthe StayerCommittee afteritschairman, Guy[ord

Stayer, meets at Lewis, NIay 26, 1958. Left to right: Edward R. Sharp, Director of Lewis Laborato_;" Coionei
Norman C Appold, O:S. Air Force, Assistant to the Depu_, Commander for Weapons Systems, Air Research
and Development Command; Abraham Hyatt,, Research and AnaZysis O_cer` Bureau o/Aeronautics, Depart-
ment of the Navy; Hendrik W. Bode, Director o/Research-Physical Sciences, Bel_ TeZephone Laboratories; _Z

Randolph Love_ace II, Loveiace Foundation for Medication Educa_on and Resectrch; S. K. _b,ffman, General
Manager, Rochetdyne Division, North American Aviation; Milton _i Ciauser, Directo_ Aeronautical Research

Laboratory, The Ramo-Wootdri@ Corporation; H. lucian Alien, Chie£ High-Speed Flight Research, NACA
Ames; Robert R. Gi!ruth, Assistant Director, NACA LangZey; ]. R. Dempse_, Manager, Convair-Astronautics;
Carl B. Palmer`Secreta_ to Committee, NACA _%adquarters; H. Guyford Stever, Chairman, Associate Dean
of Engineering, Massachusetts institute of Technology; Hugh L. Dryden {ex officio; Director, NACA; Dale R.
Corson, Departm, ent of Physics, CorneH Universit'w; Abe SiNerstein, Associate Director, NACA Lewis; Wernher
yon Braun, Director, Development Operations Division, Army BaP.istic Missile Agency.

One of Giennan's chief o_ectives was to supplement _'_e core NACA personnel and facilities

by acquiring the cream of the na_on% science _d engineerk-_g talent in satellite and rocket

development, in his view, although the NACA staff was "composed of reasonably able people,"

they lacked "experience in the management of 1argo _fairs. ''56 He met his first objective in

December i958, when the Army transferred to NASA its contract for the management of the ' *je_

Propulsion Laborato_ JPL). After a faltering sta_, the JPL staff becar, e NASA's experts in

pianeta_- and lunar probesY

In Giennan's view, iaunch vehic!es were the "!imifing factor in the development of the

nation's space program: 'Ss The Mercu_ astronauts were lofted into space by rockets with

payload capacities weIA below those of Russian rockets. Giem',an knew that the only way to trump

_.e Russians m the space race was to acquire the iarge rocket expe_ise of the yon Braun team

at the Army _amsa,.""'" +'" Missile Agency in ......Huntswuze_Ala. The Army,, however, res:,stea ,,_-iv'n-_-,_ up its

• ''" ::" " ' '"-./ _ k._'k._'.._.,,,.-,,,-:,-.._._:'_':"
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0_% _' _ "_ _ ¢r__,a_,sfora manned space p,oo_a....Threatened with " *:,-
- - termma_,o_:of funds forthe develop-

,A,e_,_of Huntsviiie'shuge Saturnrocket,the Army at lastcapitulatedin _aili959.s9

ENGINEERING, PLUMBING, AND PLAIN HOPE:

SATURN V AND CENTAUR

The develooment of the Saturn rocket was a techn:.ca_'" ' _^o_mb_e'because it went weil 'oeyon(_"

the ex'sting roci{et _ecnnoio_ _ of both .:he United States and _h_,_Soviet Union. G_ennan' called it

"one of the most amazing combinationsof engineering,plumbing and _lainhope +:_'-,,m_anyone
• _ -60 " -

could imagine. NASA poiicymakers thoughtthatitwas the kev toieap-froggingthe Russians'

earlysuccessesm sDace. 61 _ney were counting on a ,"'_+;- _`,.o....nua_on of the strong ties -:*_, "

American aerospaceLndustryestablishedby the missileprogram•

in December i959 Siiversteinassembled a committee to evaluatethe proposed Saturn

ve_2cle.The commi_ee's soecificchargewas to decideon t_e configurationof the upper stages

forSaturn,the vehiclethatwould power the astronautstothe Moon. Saturnhad the potentialto

lofta heavy payload intospace,but the _"-_ _",_o.""
, com_gu_a_o,, _ ztsupper stageswas a questionwith

importantimplications.An upper stagefueledby Hcuid hydrogen could .oroducea_roximately._

40 _ercentmore _ayloadper pound of ._f_-o_fweight than conventionalpropeiiants.
Silverstein's _.-_ _comm,,,,en, to licuid hydrogen was a _roduct of bJs experience -:_"- . W., _._ researc_

" " " _" ;" _,.:a_hydrogenon unconventionalfuelsatLewis _a_,orato_-.ProjectBee had convincedS_ive.s,e.:_+_ _
^

could be used safely,yon Braun, however, did not share Silverstein'ssanguine view of licuid

% ..>.'i _i

• i_iiiiiiiiiiil!,_iiiii ..:_.".¢_.-::!:::!::":':':_:':"i_}.'.:.}_:.

.:. ..:.".'.'..i:i:i: _-",_.""..."" :_:_:. • *' ............

::::: "::+::.i _.[:$:::: '_..:f.p.'_. . ,'v . :... • _ '. ':. ::::::::::::::::::::::::::::

_j:::,.:_:::_. .... _._, : ":::: :_:':_'_:_::';_"_.:,,...:_._..::_,:.._i-........_.. j_,,:" .4.. _.,._..... ,,'_: :, _._,_...:;_..:,.. .........._::,:".:,_:

_::" • _. "_._'z_$_. ' ' ;:_7:_::::::..':.'_< _../_ :.'.':'::'::'_47_ f_"." _::_:_.'_'_.'_._:_: :- ..

] "_ _" . :_:'.3:.:" : ::::::::' "_ "" %: _'_' :::::: :::4 .- • .

:. • . _ .,. _.:.:.,¢:,, _..:: . _::. • .:: . :
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T. Keith G_en_an. the new NASA Administrator, end .,Hu_h_L. Dryden {'_e/t],Dep,_ Administrator. are
s'o_orn in Augast i9, i95& as President Eisenhower looks on.
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iiiiii

Senior staff and secretaries ring down the curtain on the NACA, September 30, 2958, in Director Ray
Sharp' s o,_ce.

hydrogen. Fean:,g risks involved in the storage and handling of liquid ayarogen, yon Braun urged

the use of conventional kerosene-based fuels for the first two stages, with li.auid hydrogen re-

se_wed onIv for tat tmre stage. Ac_aLy, it is doubtful that yon Braun thought that liquid hydrogen
would ever prove itseli In SE."verstein's vie,,;

The yon Braun team was apparently wiLILng to take on the dif-ficuities of _e !5

miI1ion-_ound thrust-booster stage +_ - _....ra,_e..nan the hazards wince they contem_!ated

in the use of hydrogen as a fuel. The Lewis team of NASA had pioneered in the use

of hydrogen oxygen and had operated sinai! rocket engines with hy&-ogen as a fuel for

ten years prior to the time of the decision on Saturn. We had become very accustomed
to its use and its safeW. 62

Siiverstein cm_e to the meting o.-'.tint Sa,,_, Evaluation Committee =rmea '̂ with data from

a NASA study on the feasibili V of iiquid hydrogen by Eidon HMI, Adelbe_ O. Tischier, and Abe

Hyatt. He argued that conventionN upper stages were too heavy for the - -;- " ',equ,_ee paysoad. For a

week the NACA team and the yon Braun group debated, un*di von Braun at tast capitulated. The

two upper stages of Saturn would use liquid hydrogen. "What !ed Mm to this final decision, I'!I

never know/' SiIverstein reca'.'ied, "but it was ceXainiy the correct one... ! believe that the deci-

sion to go with hydrogen-oxgyen in the upper stages of the Saturn V was the sigmficant technical

decision that enabled the United States to achieve the first manned lunar landing. The Russian

effo_ to accomplish this mission withoflt Mgh-energy upper stages was doomed to failure. ''_s
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H

Commitment to liquid hydrogen among rocket pioneers had an impressive history.

Konstantin TsioLkovsky recommended ..;.*in "Deatise on Space Travel'" in _9,_._"" Hermann Oberth

' ' _* umve.s_tv tested a rocketand Robert Ooddard a!so mscussea ._s potential. A group at Ohio State "' " _ ".

using liquid hydrogen in I945. By !954, the rocket +; " _nesec,.o_, at Lewis Laborato_ had developed "'

nation's first regeneratively cooled liquid hydrogen-!iquid fluorine rocket with 5000 pounds of
thrust .64

Ce:_,_ originated m a proposal of Krafft Ehricke for using a nqum hydrogen upper stage

for the Atlas missile developed by General Dyna_cs!Astronautics for the Air Force. Ehricke, once

.'_art of the Peenem/inde group, had locked horns with yon Braun over the .oracticaiitv, o.-'.z_qm,.'"'_

._ye, ooe_. in the face of the mind-boggiing technical prod!eros associated with using tins

unconventiona! fuel. The tragic explosion in the !930s of the Hindenberg dirigible, lifted by

gaseous hydrogen, had created an understandable prejudice against hydrogen in general Rocket
oioneers _:ke yon Braun )ad concrete reasons _o_ ' "_'*; " ". -. ao,_,,_.ng the feasibility of using ,.q_e" hydrogen

as a fuel. Because hydrogen in its iiquid state is cryogenic, it must be stored at very low

temperatures. The temperature of liquid hydrogen at 1 " _" '_ " ....a_mosp_.er,. :s -420 ° _ When :.*absorbs

heat, it boilsand _expands rapidly. Tanks must be protected from all sources of heat, such as rocket

engine exhaust, air friction during _g,,t, and even raman.: neat from the Sun. Because of:'_qum" '

hydrogen's extreme cold and ' " 'c_emlca, ," ,-÷" :*_ea,.,_w_y with many metals, metal containers for hydrogen

tend to become brittle and lose strength after exposure to ' "_- o '_ny,_:ooe_. Another serious craw-back

is that liquid hydrogen's low densiV requires _:gh.:, but bu_K_, structures to contain the rocket's

propellant. The von Braun group _ _ _" ' ' "st.uc.u_es a,. approach Enncxe derisive-p_e_e..ea heavy, solid _, ÷....

.'-_com'_ared to the " - ". co_,se_vat,ve enginee_ng of the Broo_Iyn Bridge. _ John Sloop pointed out

in Liquid Hydrogen as a ProDuZsion, Fuel "This conservative design pNiosophy .,.,.o_'_;_;,,^÷,,'_,,.,_against the

use of liquid hydrogen which, more than conventional fuels, depended upon ve_ light ...... ,"s_ruc_.es

to help offset the handicap of low densiV. ''as

Ehricke, who had moved from Huntsville, Aid., to General Dynamics in San Diego, Calif.,

had tried to convince the Air Force to back his proposal for a liquid inydrogen upper stage on an

Atlas intercontinental ballistic missile. The Air Force was not _._e.es,ee.'"__ * ' m" the post-S_utnik.

._anic, Ehricke had more luck. He calied on Siiverstein in V_asm..gto.^""'.'- -, in June !958, ,_urmg"" *_,e...

transition from NACA to NASA. He wanted $15 million to initiate work at General Dynamics on

a liquid hydrogen rocket. Silverstein shared Ehricke's enthusiasm for liquid hydrogen, but NASA

had not yet received funding. He suggested &_, _nr;cke present ms proposal to the Advanced
_A _:?DAI 66Research ProjectsAgency i.......,

Sho_ly after iN'ASA's formal creation in Ju!y 1958, Silverstein had set up a committee to

define NASA's propulsion needs. By August this commi_ee had concluded .... ," ' "_a_, iO. launc_

vehicles requiring high-peffo_-mance upper s_ges, fine _: " "_qula" ' '" "'_ nyarogen-_qme o,'gen combination

appeared to show the greatest promise. The consensus reached in this NASA committee coincided

with ARPA's acceptance of Ehricke's proposal. Pratt & V,;_._,ey, already versed in liquid hydrogen

as a fuel for a gas turbine engine through its work on the Suntan project for the Air Force, agreed

to unde_ake the development of the Centaur engine. Pra_ & Whimey personnel had developed

a good worMng relationship -;"; " " * "w._: Lewis engineers on .:ms project when they visited _,ew_s several

times to study injector designs for the RL-10 engine. One of the impo_ant steps in the develop-

ment of this hydrogen engine was the use of regenerative cooling, _,-,_, --, interest of_,,_._ _._. Lewis rocket

researchers. Experimental :neat transfer studies, carried out by a group working under Robert

Graham in the Cryogenic Heat Transfer Section, proved the feasibility of hydrogen as a coolant, s7
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Later, after Centaur management was transferred to Lewis Laboratory, Pratt & Whitney would

work hand-m-hand with engineers at Lewis to complete the devesopmem of the RL-I0 = _,;,,n_,ne.

A_er tad December 1959 meeting at which Sitverstein had convinced von Bram,_ "&at the

upper stages of fine Saturn rocket ouglnt to be fueled with liquid hydrogen, the development of

Centaur and Saturn V became inextricably inte_wined. As an intermediate step NASA intended

to use Centaur as the upper stage for an Atlas rocket to launch a _robe to soft land on &,, Moon.

No one was sure of the con.position of the Moon's surface. Before astronauts could set foot there,

NASA had to pmgr_ this probe, named Su_eyor, to land and photograph the Moon's surface.

More important, the success of Centaur to launch Surveyor would prove the feasibiii_ of using

liquid hydrogen in Saturn's upper stages to power the astronauts to the Moon.

THE LUNAR DECISION AND NASA'S RESTRUCTURING

in May I961 President john Kennedy announced the national goal of landing Americans on

the Moon wi_in a decade. Kem-.edy's commitment to a race wi_ the Soviet Umon transformed

NASA. Its budget sudderfly expanded from $I billion in 196i to a peak of $5.! billion in I964. The

staff increased by a factor of ten, and Congress funded a new Marmed Space_ght Center in

Houston, Tex. it was a bonanza for aerospace contractors and selected American universities, now

able to develop new progams as a resu!t of NASA's generous funding.

At HeadquaEers Siiverstein had acted witl- the zest and informality necessary to get NASA

off the ground. He had transformed an extremely capable and loyal tear,_ of engineers into effec-

tive NASA administrators. By I961, Siiverstein's Office of Space FLight Programs had become the

operational hub of NASA. However, when james g. Webb became NASA Administrator in January

!96I, he took steps to impose a more rational, hierarc'nical structure on Sfiverstein's seat-of-the-
pants operation.

In june !96i Webb set up a new Office of Programs render Demarquis Wyatt to repo_

directly to Associate AdmLnistrator Robert. Seamans. The creation of this office was designed to

reduce the disproportionate concentration of power in Silverstein's Office of Space FLight Pro-
gramsfi s M1 the NASA centers would .... ,_ '" ," ' " ",,.,,,,,,, a:rec_y to Seamans, a ':ran:< recognition that the

lunar landing decision had made mamned spaceflight the dominant activity within the agency. ''69

Webb invited Siiverstein to head the Apollo Program under the new centralized regime, but

Sllverstein resisted the organizational changes, arguLng for a semi-autonomous status of the Apollo

Program. He wouid agree to head the Apollo Program only if the centers directly responsible for

the success of the program-Goddard, Marshall, the new Manned Seace Flight Center Ln Houston,

and Cape Canaveral-were placed directly under his supervision. In Siiverstein's view, having the

directors of these centers repo_ to both the Apollo Program Director and to .Associate Ad-

ministrator Seamans would divide au&o,,,y and generate ..,:sune,..st_,.mnos and
disagreement. 7°

One of fine reasons Webb decided on this new management structure could have been the

well-known friction between Siiverstein and von Braun. With strong techmcai backgrounds and
equally strong opinions, each had " 'opera,de ,_,;+;_- se._arate spheres of NASA. " ;_'_:_ '........ . iI_,ada_:y, when the

Army Ballistic Miss'to Agency became Marst,.alt Space Flight Center in March !960, it was placed

under the newly created Launch Vehicles Programs. However, if Si'verstein were to direct the

Apoiio Progra._ under the decentralized, semi-autonomous structure he favored, von Braun

woudd become his subordinate. With yon Braun and Si!verstein "at loggerheads," the situation

would have been intolerable, r: von Braun protested that he would not have his center run by a
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"colony of artists"--his characterization of the NACA engkneers associated with Si!verstein b. the

Office of Space Flight Pro_ams. 7z

On a more fundamental level, the September 1961 reorganization of Headquarters was an

effort to cut NASA loose from the old NACA practice of decentralized administration. During his

years as Director of the NACA, Dryden had served merely to coordinate the activ'_ of the NACA

laboratories. The locus of power, the real decision mak!.ng, took place in the three laboratories,

which received suggestions, not orders. The laboratories told Headquarters what "made sense or

didn't make sense/'73 Under the new regime, both technical and administrative decisions would

originate from the top, in Washington.

D_den urged Siiverstein to take over the Apollo Program despite his misgivings. He rea-

soned that, once the management structure proved unworkable, it would be changed to the one

SiIverstein favored. To S_verstein this was a waste of t:._me and money. Since he co,rid not agree

with the new policy, he fe!t he had no choice but to resign. With the helnn of Lewis Laboratory,

unoccupied after the retirement of Ray Sharp the preious winter, Silverstein accepted the

appointment. It was both an opportuni_ to re_rn to research and a solution to his increasmgly

untenable position at Headquarters. Webb persuaded D. Brainerd Holmes from RCA, former

manager of the Ba11.'_isficMissile Early Warning System, to head the Apollo Program. TM

Abe Silverstem returned to Cleveland kn November with the Mercu_ Program on the b_'ink

of success. Alan Shepherd's short, _ght beyond Earth's atmosphere had restored confidence in

American technolo_. Now with a fellow Oinioan, john Glenn, scheduled to orbit Earth, Silver-

stein stepped out of the maelstrom of decision making at Headquarters to return to management

and technical problems at fiqe Iaborato_ ieveL
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CHAPTER NINE

THE APOLLO ERA:
OPPORTUNITIES AND
DASHED HOPES

Abe Siiversteinreturnedto Lewis Laborato_ optimisticthatthe successofthe A_)ol/oPro-

gram. would be a major stepping stone hn America's exploration of the cosmos. Trips to _Mars and

beyond would requirenew propulsionsystems.Lewis Laborato_ was poisedto takethe leadin

NASA's program :n e_ect._c propulsion. Silverstein also envisioned a major role for the laboratory
hn _e proposed $i billionprogram todevelop nuclearrockets,iffunded, Lewis would become

the hub of NASA's nuclear propulsion program. NASA Administrator James E. Webb confirmed

this commitment in a speech at a gala dinner at Cleveland's Auto and Aviation Museum hosted

by the laboratory's loyal advocate, Frederick C. Crawford. '_ Yet the promise of I961 did not

become reali_, and eight years later Silverstein would leave NASA bereft of his earlier sense of

optimism for either Lewis or the space agency as a whole.

:"our years in Washington had not changed Silverstein's physical appearance or his basic

management pmlosoo_.y. His compact build, slightly rounded saouiGers, baggy ¢,';_ and carefully

groomed jet-b!ack hair seemed no different than the day- he had arrived from _,anoiev"_" . Field in"

1943. Pa_ of the Langley nucleus that had carried NACA traditions from Hampton, Va., only his

title had changed. He was now Dr. Silverstekn. in i958 Case institute of Technolo_- had granted
him an honora_ engineeringdegree•

Silverstein had seen the facilities of the Cleveland laboratory rise from the Sat fields that

sKi_ed the edge of Rocky _ver ravine. He naa pa_,c_pa_ea in the transition from the piston

engine to jet propulsion and, as Chief of Research, had guided the laboratory through the tb/cket

of turbojetpropulsionproblems from the late!940s through the early1950s.Silversteinlikedto

have a personal sense of the projects under his supendsion. During his short trips across the Dark-

ing !ot to the Engine Research Bui!dLng for unannounced visits, he could take in the metallic glow

of the Ai*dtude Wind Tunnel, a facility with its own distinguished but tortuous history. There Silver-

stein and his staff had generated key data to redesign piston engine baffles so that cylinders would

not overheat. After V_brid War II, they had constructed small supersonic tunnels tied into the

Altitude Wind Tm'mei's air intake and exhaust system to explore the aerodynamics of ramjets. 2

The overhead ......oipesthat connected the tunnel ,_:;+;, the iaborato_'s, cen_ra_' air system svm-
bo!ized the network of human comnections _" "ma_ breathed life ",,__,_o _ts complicated facilities. These

fadAities embodied the creativity of Lewis personnel. While Silverstein was away, the tunnel's

cavernous space had oeen _ransrormed into a vacuum cnamoer used to test the instrmmentation

for Big Joe. After the Adas-D rocket had lofted Big joe into space, NASA knew the Mercu_ cap-
su!e would be safe to car_" humans)
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NASA Adminis_ator fames Webb envisioned Lewis as the hub of ,N_ASA's nuclear en_ne project. Z,e_ tO right:

Abe SHverstein, _redericie C Cra'_ford, 27. Keith G_ennan, fames Webb. /Photograph Courtesy of Rebman
Photo.}

Silverstein looked forward to working again at the iaborato_/level. He still had the rough

edges of an engineer, more at ease with hardware than lobbying. At Headqua_ers, T. Keith

Gtennan had found SLlverstein a_Jculate, but stubborn. In Glennan's view the NACA manage-

ment s_Ie had suited the NACA, but "hardly fits our needs today when we have so many relation-

ships v4th indust_- and other elements of the govemmevA. "4 Silverstein could be gruff, tactless,

and impatient with mediocrity, hardly the way to win friends in Washington. His eng'neering col-

Iea_es, however, recogmzed his leadership ability. In a New Yorh T?mes interview, a NASA col-

leaguecalledSilversteina genius-"notinterms of inventionand discover-but in hisbreadthof

comprehension oftecl_vAcalmattersand hisremarkable facili_forgettingdown tothefundamen-

talsLn any fieldhe tac_esf'sWith _ intuitivefeelfor technicalde_i!,he often became too

"nvolved when a project excited him.

Si!verstein -knew how to build effective engineering teams by carefully kn-tting together per-

sonalities and ski]is. He had a sure grasp of who moved best by being !eft alone and who had to

be prodded to action. He could appreciate both ends of the research spectrum-not only the skill

of _e technidans in the machine shop, who could create a delicate instrument from an engineer's

rough sketch,but also_e anal_ic talentof the small group of research scientistsat Lewis

Laborato_.sDuring the NACA years,engineeringapplicationshad dominated the activityof the
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,aooratoQ-. Siiverstein knew *_. ° ", ' ' •_.,a_ NACA-trained NASA personnel were o:_en .,oo.<eo down on by

staffatthejetPropulsionLaboratory0"PL}and MarshallSpace FlightCenterand by the Vanguard

team atGoddard Space FlightCenter becauseof the emphasis on applicationsof NACA's work.r

G.:ennanhad not zu_:yappreciatedtheNACA researchtradition.The Space Actrequ:reothat

NASA superviseindustrycontractorsand manage space missions.The former collegepresident,

a Re_ubiican,.;mvoreG'spending _,,,os_"ofNASA_ 'sbudget on contracts_.,_**':"_the aerospacemc,ustry"'

and universities,s He disapprovedof the NACA policyof "farming out to industryonly the

repetitiveand straightproductionitems,"savingthe more challengingand creativeprojectsfor
the staff. 9 A'.._,,,,_, • ,,,_o_e _ : ' ......._-_'-"_o- t_e _._ _ _ oa.,ance between m-house research and mGus.:ry contracts
remained ,_ : ' " '"u,zeso-vec, as long as Giennan set a de-:oerate ._ac ,_ for space flight ,..eve_%,m,._,,'_" _ " ,_,* '&,.,,
•"nt_{,,':.'v and autonomy of the former NACA _-',' ,'_+ ,'_. _oo._.o_.es seemed secure. After President

Kennedy's .... _ _ of ' c, ' of " : _,,q: _. ....., a,moun,.e.,en_ the _oa a "unar .a,,.,m 8, however, the t:gn.: schedules of _'_ne

Apollo Program threatened to compromise the independence of the former NACA laboratories to

do basic " " ' v_,;eo.as new no.esea_cn. Under ..... _ "'_: " .*_o'; ,* their=a .... ms ..... o_,, role was longer clear.

WHITHER LEWIS LABORA'IK)RY?

_x ,., _e_ore S,_iverstein returned to ,._eve!anc., the laboratory had e,egun to st-'_.of_,,_oo.e w_m'*'the

impiicafions of the new NASA organization£, structure. Like the other former NACA laboratories,
,r of* ^ " t .aano.:ey and Ames. it was now re:erre_ to as a research center to distinguish :t from the new

development- and mission-or'ented centers within NASA. it was clear .that the NACA research
ideal needed _ ';:: +. -,,.oa,.ca,,o_,. in a speech to the _;;s_,_ the preceding year, Acting Director _ugene
.... _ _: _: " " his _Ma,oa,,,e,m revealeo anxiety ^;" ."=_,o,_, how _ne work of the center fit into the larger NASA mc-

ture. He summarized the history of Lewis to get a clearer sense of current practice and future

goals. He pointed out that the amount of research in rockets and nuclear propulsion had remained

small .... ;: i951, when these areas " _,-" to ', " "_,--_ aeon, grow. in i957 Lewis Research Center _ac cramati-

cailv reduced research on air-breathing engines. By !960 work on chemical rockets was at 35 per-
cent: nuclear oroou_szon, 20 ...... " _,_ _-:pe,,.e_,_, ano .._eca_c propulsion and power generation, 14 percent.
A::-_._'=+>;."_, engine research was at a mere 7 oercent, and was _,_:.-<v in SUDDOrt Of ""_

jects such as the B-70 airplane. The remaining 24 percent included basic heat transfer, fluid

mechanics, radiation physics, and:,,.s_,....... _.,,.,._"_ an,_ com_uting, research. :°-'

Manganie]io considered the primary mission of Lewis Reseach Center to lie in three

researci- areas: advanced oropuision, >,,._,,a_.._ , • • .-.:, ._, • • -_,_,.._,.,.,o cnem_cai, .,,_c_,.a_, and '_: *,',.... ec,,c rockets; power
generation;and -" ' _:_ _,.o_.g_,_*_o_ "_o ' '" ",_,a_e_,_s. He _ -, _," _,_,_ ,.,. center snoum, as m the past, maintain a ...x,",';*:-,',_,.,.

o.-'basic research, : ' ,,_,,.,-,,,,..esea:c, ,e,a,e,, to .ap._,_ea, research., and what he called ,,e..,,_,.:;;,.. "_ " _" " _ '_ ceve_om,e,,_"" _ ,-- ,,"

problems, such as the restart capability of the Centaur engine, the Saturn base heating problem,
and the B-70 inlet control problem. :z

In the NACA era, Lewis workers had responsibility only for the "research end of the

business." industry had handled development and production, and the militaQ" had been respon-

sible for operations. Now, however, the situation was different. Space exploration required
p_; ,_ ! O_ " , .......a,.o.a; resources a ,._n.+,, ,_,-*•.%.._,,Ge _**aaoreciuaed mamta',ning '_,_ d_stinctions between research,

Gevemoment, and operations. Our-'" " _,,_qu,. ana snarly. _m,.e as a research center is not as .... : ,_, ' '

delineated as it was in the past. '_ NASA had the responsibility not only for research, but also for

the development, procurement, and operation of space vehicles. Manganielio recognized that

some former NACA staff thought *_,-_"research and development should be kept se._arate. "The
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argument isthatonce the development camel'shead ispem_fiRedinthe tent itwillinevitablytake

over completelyand crowd researchout of the snener. "

Manganiello_ought thatthe sha_ distinctionbetween researchand development did not

apply to current practice."AppZied research" and "advanced development" had become

indistinguishable. The development

centers-Marshall,jPL, and Goddard-did

both.The researchcharacterofthe former

NACA laboratories,however, could be

preservedifshort-ten_,development prob-

lems were avoided.

We at Lewis have no desireor

intentiontoengage inthe ' --_

range actix/_-or get into the

problems ofthe const_ction of

flighthardware.We are notpar-

ticularlyintrigued with the bat-

tle of the 'O' ringsbut we are,

on the od_,erhand, intenselyin-

terested in the advanced

researchand development end

of the business, the nuclear

rocket,electricpropulsionand

power generation,high-energy

chemical rockets--_eir systems

and components--where the
Eugene ManganielZo, Ac,ffng Director after Sha_ retired in

scientific and engineering tech- 196o.

nology needs to be estabi-lshed

before user'/and reliable propulsion can be created .... We cannot afford to permit

our basic research or our conceptual research into new and better ideas to become

submerged or deemphasized so that we have _,o_hmg ie_ to grow

Mangavielio did not mention Lewis Research Center's contributions to the Mercu_ pro-

gram because exclusive focus on these ,types of projec_--a:.'beit necessa_ and valuable in terms

of the space race against the Russians--would leave d_e taborato_ without research capital for the

future. A research Iaborato_ was a place where unconventional new technology like nuclear,

electric, and high-energy chemical rockets could be incubated. This advanced work had to be nur-

tured while some of the laborato_'s efforts could be diverted to assist in trouble-shooting when

NASA needed their particular expe_ise.

Abe Silverstein could appreciate the ideas in Manganiello's talk. For almost four years in

Washington, he had tasted the drama and excitement of large development projects. However, he

was/.'so aware _at the quickened tempo of _e ApoLlo Program now threatened the balance be-

tween research and development within NASA as a whole. Dryden had favored preserving the

research orientation of the former NACA laboratories. He had placed them under the Office of

Advanced Research and Tec_oio_- {OART} to protect them from the encroachments of the

development and operations side of NASA. The integity of research was a cornerstone of
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pos_-V_oia War !i technology planning. Vannevar Bush had regaraed research, oom oaslc and

aoNied,., as a _o*ve.nmem- * function. It was the nation's .:ecnmca_'" " _ ca.oitaL In Science, the End!ess

Do_er he had warned, "Research _':"¢;A_ aZ'wavs c,.;t,_. ._,. o_ .... when put in coraoetition_ w_n ooera-
fions.''_ Manned space _'1_w_÷ '• " _ ,'*-s*- now gooolea up almost all of NASAs _". _udge_.Justas Webb's new

..an%e,..e,_ structure had eased many. ;o.mer NACA s_az_ out Headcuarters,. the camel of

a,:veloomen.: and missions haa begun to push Lewis Research Ceme., along -:*'_ ,h. _'..-, _,e other two
research ,'* -ce.,_e,s, Ames and Langley, out of the mainstream of NASA.

Si!verstein's return .e_'mcuea .me debate between staff committed to basic research ant
,o ? -mose who _avoreda ,_a ....

_,._o,0usinvolvementin development and operations.Snouia the laboratory

giveup itspretensionsas a researchcenterand jointhe"quickened pace of N_:_.SAcentersmore
closely" _:_; ", _aen_,_ed with deveiopment? Most of the laboratory's work was done in-house. Si!verstein

rek that the o.,._o,.:_,_"of the laborato_, lay .:,n.the "_ " _o_ o,-=;^;_," _,: -'_oo._,amc, _,.:,-_.,_._.._ enomee._., _ environment

n provided. Tins enwronment .orov'_e_ the conditions for the growth of ma'_v'aum; engineering

expertise and the freedom to cultivate areas of research beyond the secure arena of existing
t h ", , _:+_; : ,
ec_mo_ogy. % :_.:m NASA as a wno,'e, however, the concept of in-house research was disappear.

ing. NASA began to contract out support se_'ices, such as janitorial, grounds-keeping, and securi-

ty. Eventualh. sumoort service contracting would include basic technology research. A ".'- ".-"_

for the aerospace industry, this policy _''.... of_,,.e_e,,ed themission the former NACA laboratories to
oerform basic and a._olied research. In __':' _ ' '. .. _.,o_, 77 percent of NASA s employees were contractors.

By 1964, contractors would command 92 pe_,._n+, o¢ NASA's ' . * "". emoiovmen, total. *°

S,_,._s_,.mhad not decidedwhat directionthe iaborato_ should takewhen ne _,............,ee"to

Lewis. Increased involvement with the " " : ....._e_,e,op,,e_,_ and mission side of NASA woula mean that

the maorato_- would nave to learn to deal with contractors. He also knew the danger of " ""
the camel of d,we: ....... ;-_ " " ' ',. ,,_, .... _,_,,_o t_,.e research tent. How woum he orotect basic research? T_Silver-

stein protectec_ ,h,. research character o¢ the _ ' - .... '. ,aoo,=,o_y oy refusing to participatem iarge-sca]e

_,._e_opme,_ _o]e,.,s, he was aware that nee_ec, ,,o_,. s_ar with graaua.:e educations. Lewis's

group of theoreticians was small. The majority of staff had degrees :n ' " :• mecnamca_ engineering.
When three members of the ^.. '" '_Om:ea Mechanics Grouo-Simon Ostrach, Stephen Mas]en. and

Harold ,M;-,.e_s-c_,,ea:_' ' on ,.,.._,_--to discuss *_,_,,,..laboratory's future, S._,,e.s,e,._:"_ + :-_ took need.'' Os_._c,'__̂"
recalled Siiverstein's u -_,-'" t_,_,-.- " ' ' •s ._,_se at " audacity :n _- :,_ _.... _^--" Lewis :nto a

laboratory for basic research. ,,ey sort of put us off i_, a corner and _ney *_" ",_,_,* '_,_*

shouldhave ",,-;_*guys around, out Abe was ,,_,,,,e,sas_ecthatwe wanted tobrave_r_._._+._,_to

say about the a:recdon thatthe mo was going.'':_

^" Of .... :" " £{_w_"_;. *' " Of,,,.e:_,. s _'_v_s-on cn:e.:s ............ presentedthe idea the Applied Mecnamcs

Grou.9to moae- Lewis on AT&T% Be]iLaooratoriesm Murray Hm, N.7.He wanted to rareoniy
Ph.Ds. :_" ",_ _ ,_ .... -A_,,o_,_, ,h_ genera_ consensus was favorable. Bruce _uncm stron_lv oooosed it. He had

, _,ee. ,es.... o mii-sca]eengines.To ""._;," '_'-." -' _+z,_..c .... _.y_e.. s o.,e,, repeatedadmonition
_,_, the NACA '.^_"-_* -: the ' " *_a..,O.a_o._es needed - _ _: "_mo_ec_m, from : ,_- ....ss,o,sideof NASA

" "'' " *" . " _,.s_,ng ,',o', ,* "had become asn, oooze_n. He argued that they were "really lust a bunch of "_ _; e,.omee, s. To

._a.s.o ..... n_ .,aooratorvby """;,,_ ten. _ac.. o a group of mgn-powered : "*" _sc_e,_s_s would take years.

_,_._a.,_,,,, '_,- .*_c_,,_._o,_.:nat........NASA nee_e_ the iab,oratorv's tecnnical competence. He suggested a com-

promise: divide the _aboratory into two '_: _: _ _ .....,_s,,nc_ parts, resea.cn ana aeve_opmen_. Siiverstein, as
director, could " - _;_ *_, .... .,p.o_,,_e ,,e _,alance between the two an_ can _,,otec, the one from .:he other. '':_

. o:e-..... :he oest of ootn wo.ms. With the oacmng of :_"_,.,.o,.e._' - c.,v.s.o,";;
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chiefs,Silversteinreorganizedthe !aborato_.He put Lundin in chargeof development and John
Eward in chargeof research.

The laboratory,ino_mediatelybegan toexperience_e effectofstrongCongressionalsuppo_

forthe space program duringd_e earlyApolloyears.Silversteinannounced thatLewis Research

Center would increase its payroll from $23.5 million to $28 million. He was authorized to hire 615

+ _: major ex_ansion of personnel,in addition,a large Developmental Engineemngnew s_a._, a

Buildingto house !I00 engineerswas planned.

The location of this large office building outside the main gates reflected Silverstein's com-

m,_mem to keep research _hyslcally separate and _ " 'umarmsned by _e cont_acti_._ _.gsideofNASA.

Lundin's staff,many newly hired under NASA's more generous salaries,worked in the

Developmental.'EngineeringBuilding,with itsseparatecafeteriaand securiff.They would learn

_e new realities of dealing with indust_- as a customer rather _an a provider of technology. At

first, the research side of the center was shielded from responsibilities com_ected with contracts.

Peoplewho worked under E_ward stillcame through the Main Gate in the moreing to work in

their laboratories much as they had during the NACA era. However, even the research side of the

iaborato_ began to be affected by the pressure of increased NASNwide contracting.

TO THE MOON: DIRECT ASCENT OR RENDEZVOUS?

In November 196i, when Silverstein returned, it appeared that Lewis Laborato_ - would

become an important center for nuclear rocket propulsion. With a nuclear stage proposed as the

key to providing sufficient power to reach the Moon directly, Lewis Research Center was position-

,n o itself to play a leading role in NASA. The Cleveland Plain Deaier reposed that Lewis Research

Center looked fo,'_card to "major participation in eve_ mamned space effort to follow the current

Mercury Program and most future unmanned space exploits as wei!. '':s The Kennedy

Administration was reluctant to a_rove., costly expenditures %,-. large +_ech_.o_ogy"_ development

programs unless they could be 3usaflea in terms of spec_ic applications. :9 The costs of 5e

nuciear programs were astronomical, but tied to future missions begimning with Apollo: NASA
counted on obtaining generous _,-,_,_;-,c, for nuclear rocket, esea.cL.

ae ambmous lunar ,urAssion called for a - ": _ "_,_ _,..us_, nothing_o,.ae_ _.,_ could provide enormous "'_-- *

less than yon Bramn's huge Saturn or an even larger rocket c/led Nova, first proposed by fi'_e

Saturn Vehicie Evaluation Committee, chaired by Silverstein, in I959. No consensus was ever

reached on Nora's configuration, but one proposal considered a first stage powered by conven-

tional fuel, a liqmd hydrogen second stage, and nuclear upper stages, z° Tl_e nuclear stages could

give this ae:.emotn the necessary thrust for direct ascent to the Moon, wmcn involved a scenario

reminiscent of the science fiction of Jules Veme. A rocket consisting of several stages would be

fired directly _ the Moon. It would need to brake against :he" Moon's gravity to 1and. For 5e

return iourney to EaXn, anna stage would blast off from fine Moo_. s sunace. The first study of

launch vehicle requirements for the lunar mission, chaired by William A. Fleming, formerly of

Lewis, supported fi_e direct ascent concept z_ Projected costs and time for the development of a

rocket of the required magnitude made some NASA planners question the feasibility of direct
ascent.

Within NASA there were also strong partisans of a rendezvous mefl,.od to reach the Moon

in two stages via a space platform placed in orbit around EaCh. von Braun and the Marshall group

favorea what came to be called the zar_h-orozt rendezvous metnoa. Two paci_ges consisting of

modules for the assembly of the platform and lunar vehicle could be launched separately by two
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Saturnrocketstorendezvousin Ear_&orbit.The platformwould then functionas a launchingpad
to send the lunar vehicleto the Moon and ' ,':oa,,_:.The attractiono,"the " "'-. _.arth-oro:_ rendezvous

*' ,_'_at " ' . "A 'me,nod was ,:. instead of a single large rocket, which existed only in the imagination of N**SA s

rocketdesigners,the plandepended on the smallerSaturn rocketalreadyunder ' _'.' _aev,,opme_._at

MarshallSpace FlightCenter.By June 1961,aftera NASA study chairedby Brace Lundin,opinion
began to shift"-' " --_, favor of the rendezvous concept, wi_ _a_h-om_t rendezvous the "clear

preference" among members of the evaluation committee. Nova development, however, was still
under seriousconsideration.22

A group at Langley Research Center favored a thirdapproach-lunar-orbitrendezvous

_'LOR}--whichat firstseemed hopelesslyco....hca_,.d.Itrequiredthreespacecraft:a command

module occupied by _e three astronauts,a servicemodule for dae propulsionand guidance

systems,and a lunar excursionvehicle.These threevehicleswould be firedintolunar orbitby

a singleexpendable three-stagerocket.Once in lunarorbit,the astronautswould park the com-

mand and se_ice modules inorbit.Two of_e astronautswould don s_acesuitsand clamber into

the excursion vehicle for their trip to the Moon's surface. Later they Would rendezvous with the
command module for the - _'._ • .....e_,.n trip to Earth, leaving the excursion vemcte behind. -he advan-

tages of this method were its lower fuel and weight requirements.

Siversteinfavoreddirectascent.He objectedthatthe engineeringrequiredforthe docMng

of two vehicles in space involved greater ,,o_^,plex:ff and more risk to the astronauts shoran a

component faii. 23 Although Silverstein returned to Lewis before NASA planners had hammered

out the final decision, no doubt it came as a disappointment. Webb's announcement of the selec-

tion of the lunar-orbitrendezvous method injuly 1962 ended allhopes for the development of

Nova and took some of the urgency away from Lewis'snuclearrocketprogram. Nuclear power

might be requiredfordistantflightsto Mars and beyond, but clearly,throughthe 1960s,NASA's

energieswould be directedtolandinghumans on _e Moon.

Lewis staffwanted to salvagesomethLng from thelunarrendezvousdecision.Because ofthe

iaborato_,'sexpe_ise in prop',_sion,Lewis was the logicalchoice to design and monitor the

development ofthe secondvehicle,calledthe Lunar ExcursionModule iLEMI,needed totakethe

astronautsfrom the command module to the surfaceof the Moon. As earlyas December 1959,

Lewis staffhad setitssightson the " v : *o_ "_"_e e_opmem _ a _unar so_-m,_dmg_+:"_ " ve,_,cie._,;" E. "_: Conrad

and Car! F. Schueiier took up *he idea at Headqua_ers "*' " .-+ "_,;,",- w:m _,o. _n_._ in !959, long before NASA

had decided on the details of dne Apollo mission. Nthough no formal agreement was .ea,._.ea,-"_, "

Cortright gave them the go-£cead to begin to work up "- _: ; ' ' " - ._,,_,s/ec.,cat.ons. By 1960, the Ana!ys_s B_m ....

of _e Pmpuision Systems Division was at work on two types of vehicles for manned lunar-iand-

-ng missions. :he L_s_ was a small-scale vehicle for tunar exp,_ora_on to car_ two or three
astronauts, "_wi_. a return * '",.aps_,e weight of a ._a_,ou_ 10,000 pounds. A second larger vehicle to
deliver 50,000 pounds of _ "^: to - ' •,ma_en_ a la.ge-scase Iunar base was also designed. However, w_tn

Silverstein back at the heim of Lewis Research Center, this project had to be dropped. To develop

the LEM would nave recuired _o_h_. o with von Braun's group, in charge of the Saturn V.

Although there may have been *"oa,.e_ considerations, in Bruce r., ,; , -,.; • :_.na, n s opn:.on, Brainerd Ho:mes

%_os,.d'-"_ creanng m_s -'_o,e_._m_d*"_" :" " aaraave'" situation. He was "not going to have Sflverstem"" throw
sand into his machine. ''z_
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THE TANGLED HISTORY OF NUCLEAR PROPULSION

The Lewis staff were old hands at deaing with the opportunities and d_s _,_o.n,me,.Ls
associated ""......w_m the aevelopment of nuciear propulsion. Interest at the !aoorato_ _ ".__,, nuclear pro-

pulsion had developed steadily from the late 19¢0s under the leadership of Benjamin Pinkel and

his branch creel, Eugene M_nga_,e,,o. in 1948 a prestigious group at the Massachusetts : _;_ ,__ns_:_u_e

of Technolo_, issued the secret Lexington Report, which concluded that development of nuclear

rockets and ramjets presented nearly insuperable techmcai problems..Aircraft n_c.ea:'"_ ....._vpu,sion,:"

however, was feasible, although development might take uo to 15 years. To the American ,_-_,._,,_

sion community, led by Colonel m na-;a Km.n and D. R. Shouits of Genera.; Electric (both prime

_lavers in the secret drama to import the Whittle engine}, this was sweet music. They ._,_,._t,t. , . .... o_.. an

engine _owered bv nuclear e_-v ' ' _'.... _-_-_'o.. .. . ----o_ cou_c create a propulsion ,,_,.__t._^,,_,, com_arabie to the
turbojet, zs

Silverstein envisioned ; 'mcreasea cooperation ,:'_w,,_ the Atomic Energy Commission and a

strong role for the Cleveland laboratory in NEPA {Nuclear Energy. Propulsion for Aircraft]. in 19¢9

the laboratory acquired a cyc_o,.o_;'._ ," for basic research in materials.

Ca_wing out a rote for Lewis in aircra_ nuclear propulsion proved an agonizingly slow pro-

cess. Planning for a nuclear reactor began in 1954, and in 1955 Congress authorized its construc-

tion. After a survey of 16 locations in Ohio and Pennsylvania, Lewis leased 500 acres of land near

Sandusky, Ohio, about 50 miles west of Cleveland. Orighnaliy known as the Plum Brook Ordnance

Works, it had served as an explosives factory and storage area during World War If. In !956 the
Atomic_ ,_ _ :_ ' " " ",_n_.._ Commission Safeguard Committee approved the aes'.gn for the reactor. At the tzme

ofthegrounc oreakmg forthenew ,acmty,aircraftnuclearpropulsionappeared tobe tnepropul-

sionfrontierSilversteincalledit"_he smnm o hooe' forincreasingtne range ofaircraftathigh

speeds, and for _..c.:'__eas_,.o:'_ aircraft ranges to values unobtainable with conventional or s._ecial

chemical fuels. ''z_ The iaborato_ hoped to contr:oute fundamental studies on _ne effects of

radiation on ' - 'ma._enals. Only gradually did '_t become apparent _' _ "_, ..... _na_ _,e nuclear a_-ane nac

become a technical dead end. its detractors called it a sh'tepoke-an enormous skinny bird, hard-

_v_,_foreatingorfor9.ymg Deve_opmem by Pratt& V_mmey ana General Electricover 15 years

cost the nation $880 million, but as late as 1960, how :..... _._u_,,^_.+ -:_ _ uu_u vc_,cn, the nation's defense remain-

ed unclear.The weightofthe shielding:o,"" "'me- "+ " o_,ea,,,or,as w,e_asa new awareness ,environmen-
• _ • *Af'_ 27tat considerations, lea to finenational program's demise m lyon.

Lon-ca_Iy, as interest in the nuclear airplane waned in the iate 1950s, enthusiasm for a

nuclear rocket waxed, in 1955 Robert W. Bussard of the Oak Ridge National Laboratory ques-

tioned the conclusions of the Lexin_on Repot. He argued that the key to nuclear rocket develop-

"_....... ; _ "_ Air ....ment was _e;,._e_a_,.e-,es,s_a.:_ materials.His advocacy -":-_ ,_ "co_,v_ce_ the Force and "_,," Atomic

E'_e_gy..., Commission (AEC}. to set up a joint program at Los Aiamos Scientific '_ '_aoora_o_" to

develop Rover, a nuclear rocket intended to be launched from the ground. 2s Because hydrogen

was the ._referred :l "_ " inorooe_ a_._:or nuclear- _'. . . o_o_n. o expe_ise of the Lewis staff nan-

dling this fuel "'+*' "" ' . .... ;_p,_, me,_. in high demand. They ass,.stec in the aes,on a_.d testing of the KIWi series

of experimental reactors, managed jointly by the AEC and NASA, at Jackass Flats, Nev. z_ Frank
Rom, '_" " "of ' ' "_.,me_ the Nuclear Propulsion Concepts Branch at Lewis, se.wed as the laboratory's cmef

sookesman for its programs in _ ":_" ' ", m_e_s, fuel element research, and nyarogen heat _,_,._,.".... _^"

_..e AEC, however, controlled the nuclear field through tough licensing requirements. :_

regarded NASA as an interloper in the nuclear field. T. Keith Giennan lamented that the Plum

Brook reactor was '_'_'_os_d__,_ ,, and acce_ted, at a m_.e when the aircraft nuclear propulsion work
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was at ;_ heat" 's° ....•_s white hot Glennan stoutly accented the quail W of the ,cacaos-4. _'s design, 'out

whether Lewis could !and a role in nuclear rocket development was in doubt. Senator Clinton B.

Anderson ofNew Mexico was determined toseethatfundingwent to_h- ^_" . at_,A__,,, s laboratory Los

Alamos. When NASA and theAEC setup ajointofficecalledthe Space NuclearPropulsionOffice

(SNPO) in 1960,the two federalagenciesbegan to enjoy a smoother relationship.The futureof

OLewis'sprograms m nuclearpropulsionloot<cabrighter•Haro-.'dFingertook cnaroe of both the

SNPO Officeand NASA's Nuclear Systems Division•s:

Despite the intensityof researchon the partofNASA and AEC staff,the use of Rover in

NASA's stableof launch vehicleswas remote.O!ennan asked the obvious question:"Justwhere

one would launch such a beast with itsever presentpossibilityof a catastrophicexplosion

resulting in the spreadLng of radioactive materials over the landscape is not clear."S2In 1961 the

Rover projectwas renamed NERVA (NuclearEngine for Rocket VehicleApplications}.ss After

- _.,Congress authorizeda major three-year$40 millionbuildingprogram forPlum Brook :n ,_efall

of 1962,Siiversteinsetup a designgroup toplana $15 millionfaciiiWfortestinga nuclearrocket

engineatPlum Brook.Although a nuclearupper stageforthe Saturnlaunchvehicleseemed in-

creasinglyunlikely, the feasibility of a nuclear rocket for post-Apollo missions had to be
demonstrated.

RETURN TRIP TO MARS

Lewis planners believed that landing on the Moon was oK."y the first step Ln space explora-
tion. NASA's next " "'_ '; ,"cesd_,a_,o_: would be Mars or another planet.Chemical rockets '""-_e Saturn, or

a nuclear rocket, could reach a near 7_'i'_,e_,*"_ but longer trips required different types o.". rocket

systems. :he aavan.:age of an electric rocket was :ts low :'prope:mnt consumption aria continuous

long-termoperation.The group _ormed by wo.tgano MoecKel after,h,.successof 'From Macn 4

to infinity" began studies of electric propulsion and space power systems that involved plasma

physicsand magnetogasdynamic and thermionicsystems.They also"-_- ;_^*i,_vesL_,_e.., the possible ap-

plications ofcontrollednuclearfusionforspacepropulsion•The group exploredthe possibilities

of using high-intensity,large-volume ' • .... ;* .....e_ec_ro_.,ag,_e_s _h .:helowest posslo_e mass for power

generation. In i958 they ;,_;'; ' '.... ,a_ea a small program on plasma heating to complement the * '"s_uGles

Of _ +"maonea,_ fields. 34

initially, fi_e m ,. ,',. _, _, ,: • ,_ .. •,_.e,_t.l,, _ro_msIo._ systems u,me. investigation consisted of two major com-

_,o,en,s, the electric oower generator and the thrust generator. The electric power _ - " _-. . oene.a,o.

eithernuclear or solar--convenedener_j intoelectricpower. The thrustgeneratorused this

power to acceleratethe propellantout the back end in the form of thrust.The 1957 study of a

nuclearturboelectricpower plantindicatedthatsodium had the potentialto make a good heat
"_ " • e-- • _,transfernma. By passingthe fluidfrom the nsao_;reactor+_'...._h_,-._o,_a neutron shield,a heatex-

changer, "" :ana oac:< tothe ...._e_c_o_, the crew could be protected from _ '; _; _ ".aa.a,.o_,. T>.e generator would

provide a power output of 20,000 kilowa_s, with I 1,000 kilowatts of power in the form of thrust.

A round tripto Mars would requirea vehicleweighing 350,000pounds. In additiontothe struc-

turalweight of the vehicle,the " _÷ _,, ' " ^'_e_g._,-m_,_crew would neea o0,_0 pounds of equipment and a

_,0,_,v0-_,ounaauxHiao" rocketfor landingpa_ of _h,_crew on Mars.ss Aam_,e,,_y fanciful,this

power system was the basisof more sophisticateddesign studiesand hardware development

relatedto nuciear-turboelectricsystems.

The endnusiasm and expe_ise of the group grew under the leadershipof Howard Childs,

William Micke!son, and Wolfgang Moeckei. Their work embodied Dryden's vision of advanced
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technology research as distinguished from deveIopment. Moeckel ex.'piained in a talk at Head-

quarters in 1961:

The approach + _- ",a_en oy the Lewis Research Center m its _,_ *_:e,,.c_::c propulsion program

is to m'.de_ake s_dies of probIems common to all systems. This approach is in con-

trast to *_a'_,_ of aevelopment' organizations, which must generally concentrate t_e_r""

effort on perfectkng a particuIar system,, based on current _,_,:-_,:-_._-_,,._*_^^: _'_ _,-+ There are,

of course, many areas of overlap, but .._"genera_ the _,ev,:_s effort is ",- ,'* ^"a._ e,._e,, toward

obtaining the fund of knowledge and the new approaches required to design s_ecific

systems for various applica!ons, rather than to design or produce those systems

directly, s6

The group worked with the AEC to develop the nuclear-turboelectric system, SNA?-8,
intended to _rovide 35 ; .... _ ofsz-ow_,,_s on-board power in s_ace. The first solar er_,_o,.+ Sunflower,

a joint effort :*_ ' ' of 'wx,_ Thompson-Ramo-Wooidridge ITRW}, yielded basic :4now_edge dynamic sonar

power systems for spacecraft.

The generous budgets for construction of facilities during the Apollo era enabled the staff

to build a large vacuum tank for electric propulsion studies. Because of Lewis's new facilities and

the large number of staff _..vo-.'vea, 1961, shoXlv a_er Siiverstein's return, NASA announced

that Marshall Space Night Center's electric propulsion program would be transferred to Lewis.
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Water-fi_led quadrants surrounding the Pium Brook nuclear reactor, 1901.
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,he laboratory, environment supported the inte_lay b,xween theo,D" and hamware

necessa W to foster techmca- creativiV. _ec.Lmca_ suppo_ and re!ative :reeeom to pursue promis-

ing ideas regardIess of immediate a_Lication., allowed Harold R. _,,,.,,,,,_z_,._,._o.,to design a more

efficient and simpler electric rocket than Stu1",2inger's earlier cesium thruster, sr Kaufman was a

member of the Mission AnNysis Branch. He and a coIleague, Wilbur Dobson, knew of Moeckel's

interest m Stuhlinger's work but were not members of his division. Kaufman took a different

approach. His _" _'_+__ " " " ' ",,,v ..... o:,, tat emctron-bomoaramem ion thruster, used mercuw vapor as a pro-

pellant. The vapor flowed " "m_o an ionizer chamber; the mercu_ ions were then prope!iea toward

a screen grid, which accelerated them to produce thrust.

in !964 the SERT _"{Space e,_ectnc'_"" Roc:<e_'+Test) tested both Smmmger's.... cesium engine, 'am_"'÷,

by Hughes Research Laboratories, and Kaufman's eiectron-bombardment thruster, designed and

built at Lewis. Kaufman's approach proved superior. It also demonstrated that a stream of ions

from a thruster in space co,add be neutraiized to avoid the buildup of a space charge that would

shut down fi',e thruster. This established _at ion thrusters could be made to work in space. The

develoDment of the _on-oomoarc_ent thruster ,._,Lm,.n_e_, I970 in the successful munch of

SERT II after ten years of painstaking development of Kaufman's design. SERT iI, however, reach-

ed fruition at a time wlnen the abiii_f of NASA to suppo_ advanced technologT was flagghng. 3s

CENTAUR: ABE'S BABY

Centaur, _ne third program that came to prominence " "-, 'aurmg the ApoEo era, was a legacy .

• e Iaborato_:s work on Equid hydrogen in the 1950s. Centaur was a development progam

urgently needed for the success of a lunar landing. It was originally funded through the Advamced

Research Projects Agency {ARPA} and assigned to Marshal1 Space Flight Center after President

Eisenhower resisted that all space programs without direct militau applications be taken over by

NASA. After NASA acquired ±e yon Braun team, Centaur was designated the launch vehic!e for

Surveyor, the unmanned Iunar lander program, it was managed under NASA's Office of Launch

VehicIe Programs, clearly the development and operations side of NASA. Centaur came to Lewis

by default. It was an unwanted step-child at a time when all the efforts of yon Braun's rocket

group were focused on the development of Saturn.

In September 1962 Edgar Cortright, then Depu_ Director of the Office of Space Sciences

at NASA Headqua_ers, remembered the keen interest in Liquid hydrogen at Lewis. He asked

Siiverstein to come to Headquarters where he brandished a le_er that his boss, Homer D. NeweIi,
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had received from. V_e_n.,e. von Braun. yon B.au,_ thOUgh.: t_at NASA snou-d cance_ the Centaur

.... me :eas:mhty of iieuid hydrogen as aProgram. yon Braun appa.e_,d_ was not yet convinced of "' ......

;" _ }'is.ue_, despite .. capitulation to Siiverstein during the Saturn Evaluation Committee meetings :n

December 1959. He was also concerned about Centaur's structure. According to John Sloop:

The von Braun team simply did not trust Kari Bossa_'s thin-wail, pressure-stabilized

tanks first used by General Dynamics for Atlas and then for Centaur. Centaur had

only a _,_m, common wail dividing the me_ and oxidant tanks, and at one time yon

Braun came to Wash'ngton to push a design change that separated the two tanks, a

c'_o"<,_ +_+ would delay the stage development. His request was denied bv Robert

Seamans. I believe "> _ --_ :_aa_ these _.......s,.,_c_,.e concerns o_,_we,ghed yon Braun's concerns

about usingliquidhydrogenJ9

yon Braun recommended thatthe SaturnC-I/AgenaD launch vehiclereplaceCentaur,The

" _ ! TO _ Of i _ .t ,,_.je_ Propulsion Laborato_- i_LL_, "n charge the Su,wevor Program since _96,,, concurred, yon

Braun convLnced JPL _' .... "_,a_ Cema,,r could not be developed in t_me to provide the necessa,- T

knowleage of the Moo, s surface prior to the Apollo !anmng. in a le_er to NeweE, Brian Sparks,

Deputy Director of JPL, cited "the deplorable situation in the current Centaur program" in sup-

po_ of cancellation. _ne development of a new rocket to use liquid hydrogen technology recmre_

too much time. To compete w_th the doogeGiy determined error of the So,<,._s, t_:e existing

technology of kerosene-based _ :,ue_s had a greater chance of success. He wrote:

The Office of Manned Space Flight has said that data from a soft-landed Su_eyor in

i964 or !965 would be an invaluable aid in Apollo design, and high-quaEty recon-
•"lalssance ' *_a_a from a lunar Orbiter in 1966 is desirable for Apollo ,._o_,,_:_,_*p.am,mg.".";

These obiectives could be achieved on a C-1/Agena D but not on Centaur in this time
scale# °

' " V_,.,._.ev, plagued +"Problems with NASA's contractors, General Dynamics and Pra_ & .... *

development of Centaur. However: the supervision of these contractors bv the yon Braun team

had also played a role in its recent failures on the launch _ad. On May 8, 1962, 54. seconds aher
• "_.t, "1" 4..:_::_ozr,&,. Centaur -_: " _'=, ,-, _ *;_,; ,-no_ _o,_ of an Atlas-Centaur launch vehicle had exploded. : ,,e ,,,v,.s_,o_,,o_, in-

to this mishap revealed that an Lnternai NASA renort had - "", a • , .. p, em,._e,_ this failure: the "..nsutatmn
_t-, • ,m.panels could not w_tastan,_ me anticipated ,nressure loads. The _c;ae.;." _ "-, e, .* ,_:.vestoa,o. s concluded

•'ma_,",...._.v_,o-,,...... _," General Dynamics was respo,.s_b_e for the defective aes:gn.. Marshall Space :i'..ght

Center's supe_'ision had been neither prompt nor adequate, in "_'_:'; "a,.,,,_,on, t>.e investigation

censured Marshall's supen_ision of Pratt & Whitney's development of the RL-IO .::qm,.-ny,,:rogen

engine. Three explosions of engines on Pratt & Whitney's test stands at its Research and Develop-
ment Center in Florida had '_ "_'+ '. " " T,,er,,s_,,ee in both delay and $1.2 miiion worth o: damage, a

investigation concluded that these were preventable accidents. The company lnad failed to _.:sta_u

"_"" , m=_ Ma_snai_ engineers, with extensive exoerience Ln the nazaras ofs_anc=_ safe_ devices *' _* '-" " . _ ' "

rocket engine development, should have insisted on. a:
•4 g_- ' • • " ,Co_,,g_,_ Lnformed Siiverstein that the re'atmnsmp oetween Marshall and General

Dynamics had reached an impasse. Both were aware the, p.ojec, management required a healthy
4,give-and-take. Tecnmca- cpfferences had created an aaversar.al reta,!onship between Genera.:

, ," 42 ", _.4, :Dynamics and Marsnaa. Marsha:'.: had accepted Centaur, but yon Braun, never comfo._ao,e

w._:, liquid hyarogen or the Centaur tank design, did not assign his best _ -_'- -,.n_.ee.s to the project.
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In Silverstein's view, 'They did not believe in Centaur because ;._ was not really ,he:rs. Ce.,._,.

was not a program that _ey had imfiated. "45

in September 1962 the choice at Headquarters appeared to be either to drop the Centaur

program entirely or find another NASA center willing to take over its management. When Edgar

Cortright asked Silverstein if Lewis

wanted the Centaur program, Silverstein

needed no arm-twisting. He believed that

_cuid hydrogen would _ _,_ top.ov.,_ethe key

a successful lunar landing. The transfer of

_auncn-oase operations from Kurt Debus's

group to the Ooddard Field Projects

Branch at Cape Canaveral under Robe_

Gray completed fi_e decoupling of Cen-
taur from Marshall,

When Siiverstein announced to his

division heads that NASA had assigned

Centaur to Lewis, the response was

lukewarm. _ Although Lewis had tasted

project management when NASA created

tae Nuclear Engines P_oj,.c_ Office and

e Sunrower program, these were slow-

paced programs. The management of

Centaur posed development problems

that needed immediate solutions, in

October, _lane loads of boxes conta'ninc,
* ^

Harold R. Kaufm_._ with his elector, bombardment ion books, drawings, spare oarts lists,thruster.

u,.s=,sfie._ change orders, and tecnn-cai

directions were sent to Lewis from

MarshML For men and women accustomed to working in a research ,_,_ -;_ .-,, _+,.,:_,.om._e,_, consisting of

blackboards, glistening hardware, and the roar of facilities, the silent mountain of government

paper produced dismay. What did they know about the legal tangle of government contracts._ s

Centaur forced its new project managers to leave the comfo_abie campus atmosohere of the

research iaborato.- T to deal directly ";_ ;: _ * " : , .... "w,_: indust_. S,_ve.s_em p_c_ed a tecamcai team to tackle the

Centaur Program that matched the Lewis administrative talent he had left Ln Washington. David

j. Gabriel, a Lakewood native with a mechanical engineering degree from the University of

Akron, snoula,.rec_ the responsibility of project manager. Ca_" Ne_,es, Russel Dunbar, Ed Jonash,
Jack Bran, and Joan Qmke., seasoned Lewis _-'_ " " of.,_,_, :ormea the techmca! core the pr_ect.
Although Centaur fell within Bruce Lunam' 's administrative bailiwick, S,_ve,s_,..n;:" *_ ' -" _mmse.,,was
never far from what was going on in theCentaur project.

Si!verstein called on Lewis's small law department to bring order out of chaos. Neff

Hosenbai!, the laboratory's chief legal counsel, asked Len Per-.,T, a vibrant a_orney with boundless

energy and unusual powers of persuasion, to assume responsibility- for the contractual aspects of

the Centaur Project. He hired Harlan Simon, an Ohio State Law School graduate in private prac-

tice, to assist him. They attended all the Centaur team's technical meetings with General
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;---":-¢'i:...;% .kS _'_:._.:_: !: ::- ._,_,_--,--r-_r, _ _9_



x

ENGINES AND INNOVATION

Dynamics to sort out the objectives of the program and where it had gone wrong. Simon recalled
; _-,M 'tne intensityof S2vers_,,ms involvement.

It was Abe's baby, Abe's project. He made a promise not only to _&,.,_world, _- *,,_U_ tO

himself. He selected the people. He is the one who chose the people for these various

positions and he chose them, obviously, correctly. He was informed of eve_ decision

that was made of any s%mnc=,ce. He. _-'_: ; _ "D_, ,c:pa_ee in the decision making process. He

argued with .mere.iney argued with him. Itwas _,o_.dedicationtothe program and

fear of Abe that made this program successful. You just didn't dare Iet him down.

Otherwise, I don't know what would have happened. You almost felt as though you

would have been disintegrated, if you ever let Dr. Abe downfi 6

The lawyers had a formidable challenge: to restructure the business arrangement with

General Dynamics to permit flexibility and mutual trust. They had to devise a contract that, above

all, would not slow down the pace of development.

The originalcontractwith General."Dynamics was a not a firm fixed-pricecontract,but a

cost-mlus-nxed-fee_ contract o_ ra_er loose construction. It was not gea ea to the _e__"e_oDmen__ of

new technoio_-under the pressureof a tightdeadline.Any technicalchange requirednot only

ponderous paperwork, but worse, an increase in

the costs of the vehicle even before the final

designhad been ,,smbLshecLA liquidhydrogen

rocket required a leap into the unknown, it was

a leapconstrainedby"a _ _*t.g,., schedule.

Hosenbali, Perry., and Simon devised two

types of contracts to cover the requirements of

technology development. The firstwas the

naraware con,.act, which took "all t_e

knowns and entered into a contract which had

ve_ _definite boundaries in dollars and time:' To

cover the , ' "' " .,_un:<nowns--ns_s of deve,opme_,_,

support for unexpected failure-they devised a
J' , O" '_+manaoeme.-., and en_neering contract. ''47 if a

rocket exploded on the launch pad, _xano,.ertest

could be done without waiting months for the

necessary govermment paperwork to be com-

pleted. NASA couJd guarantee a profit to the

company regardless of the outcome. This un-

conventional _ *-,app, oac,. to " "_ ,,on_rao.-goven,me:._ ," * *

ing could have left them open to criticism, but

they were bering on success. The Centaur team

worked at a frenzied pace, - *",.ommu_mg to

, California to oversee work by General

Dynamics and to Cape Canaveral to prepare for

launches. Their labor was crowned with a string
of _"successm_ launches, culminating in the

flawless Surveyor mission in May 1966.

Centaur stage mated to Atlas booster at Plum

Brook in the Dynamics Research Testing Stand,

February 1964.
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Siiverstein's commitment to liquid hydrogen was vindicated, and a similar success with liquid

hydrogen in the upper stages of the Saturn V proved yon Braun's F ;_; +'" "_,ess._.,sd,.v,ew of thistricky

fuelunjustified.He autographeda pictureof.*,helaunch ofApollo 4,on November 9, 1962: "To

Abe Si!versteinwhose pioneeringwork in liquidhydrogen technologypaved the way to today's
success/,,_,8

What explains the intensi_ of this commitment? Why was the Centaur program so suc-
cessful? This +" ';-- ' " ""ex..aora,:.ary combination of energy, teamwork, and ieadersmp cannot be expiained

simply as tire result of the am._ie a.,.,a;.,_,_'**'-'_:*othat NACA received during the Apollo era. Nor can the

achievement of &,. #e'-'a"" program be dismissed as an attempt by Lewis staff to demonstrate

to.at mey could succeed where M_,s.,ali had za'._ea. Rather, .:he explanation for the achievement

of the Centaur program lies within Lewis's : *;*,*" o: g ' " " '"ms_,_u_mn_, _aonc. Um:_e Marshall, Lewis was a

research laboratory. The NACA research tradition had fostered the commitment to liquid

hydrogen through the 1950sas Lewis - " _ ' .resea.cners gained exoerdse in the _roblems of this com-

olicated and dangerous technology. Siiverstein :" : " " of " "-" ' ' ' ". eD_om.zeo the breed _ecn,r..ca- reacher .:nat

Arthur Squires has described as a "maestro of technology"---someone who is thoroughly familiar

with the technology., who knows his staff well enough to put together .the right team for a specific

task, and who protects them from the aggravations of unnecessary bureaucracy, a_ He inspired by

example. His ;_gg .... {_ ., ;_s_,_ stayee through tee night to untangle a technical problem because N.ve.s_e.,
did the same.

Beyond Siiverstein were the extensive resources of a research laboratory. Lewis researchers

faced a variety of problems in making liquid hydrogen usable as a rocket fuel. A research group

in materials headed by Merv Auit studied the degrading effects of liquid hydrogen on various

metals. Other Lewis staff examined how liquid hydrogen would behave in a weightless environ-

ment, They investigated pumps, _"-" ":-,_,_,o.,es, and other components of the rocket engine. Testing in

the 85-foot drop tower, and later in the zero gravity faciiity, provided data useful in modifying

designs. Centaur staff had Lewis expertise in heat transfer .o call on, as well as an extremely

skilied group of technicians to build whatever part might be necessary to tease a recalcitrant

rocket engine to life.

At the same time that Lewis inherited Centaur from Marshall, it a"e-;'_'4,.;.,._._. management o_

the Agena pr_ect. Agena was an upper-stage booster rocket usually coupled with a Thor or an
Atlas rocket to _.... _.._,m,., s_acecraft_ for N'ASA' s 2_."o+.2"_,,,.,_.... _- program. "'_nn_e:': Centaur.. Agena did not

have the constant a_tention of Siiverstein. Seymour C. Himmei took charge as project manager,

flanked by his deputies C. C. Conger and E. F. Baehr. Technical branches were headed by E. H.

Davidson, M. '_,es_o,, and H. W. P:onr. They were aii NACA types" who nac been at Lewis since

the 19.¢0s. They had never worked on launch vehicles before, but their NACA backgrounds gave

t_,,. flexibility, _.,_o,,.-,. ,.._m_,% .... e_,, skiiis, ann technical expe_ise they needed to c, -,: ,,oro&,az,, the _ ,,

isuppiemented with former military contractors for intercontinental ballistic missile programs}
and to omia _ ,_ .... Air_e_._ons_,,,s with _" -,_-- ' ..... ,.o .... _,c_ors, the Force, and centers nse Goddard and JPL m

charge of the spacecraft. Thirteen months after taking over the Agena project, the team. launched

its first two spacecraft, Echo t! and Ranger Vt. ",_+ - -- ' ": ,- * _,,_,.,wee,_ 1962 ann 1968, when Snve_s_e., assigned

the Agena's payloads to the Centaur rocket, _>, ' " ' ",.e_ launched 28 missions, mcsuamg several Rangers,

Ma.l,e. Mars '64. and Mariner Venus '67. The spacecraft _auncnec by Agena sent back some of
the _;- * of ",,s, pictures Mars ant VenusJ °

• ,e Ce,_ and Agena Programs were the g.;amour programs of the iaboratoQ-, jobs in
launch vehicles;" • :;:;_;" "" " :' +.-_;,, " : ' ' •_,aa v_s:o.;_y, moo:hi;: and drama. The NACA-,._._.e¢ researcher onmorea tne
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swashbuckling young engineering graduate recruited for project management _ith a mixture of

pride and envy. Although researchhad more ample funding during the Apollo era than ever

before, basic research lost status• The preparation of a research report, once the most respected

acfi_ty of the laboratory, no longer stimulated the same intense commitment. The roar of a rocket

at Iiftoff had supplanted _e polite applause of enginee_g peers elicited by a well-presented

paper. Some NACA-tralned researchers like Harry W Mergier, Simon Ostrach, Eli Reshotko, and

A_hur Hansen drifted off to positions in academia. Basic work in materials, heat transfer, and

tribology, the science of fuels and lubricants, quietly continued.

CASE INSTITUTE OF TECHNOLOGY AND THE NASA BANDWAGON

If the transformation of the NACA into NASA was a mixed blessing for former NACA

laboratories like Lewis Research Center. -;v .- TM to " -..... *.u._, e,s_,esstood benefitfrom the sudden av£1abilky

of large NASA grants. The NACA sponsored some university research through the i940s and
1950s, but the ......amom,_ of university grants had remained small because NACA iaooratones pre-
ferred to do their research in-house.

The possibilityofample government fundinginfusedCase _'_o+;+'_+oofTechnology -:_

enthusiasm foraerospaceengineeringand a greater; -" *""ate, es, 1-. cultivating cormections with Lewis
Res..arcn Center. Both Glennan, who returned to Case's _ "'_ " "p_esl,,en,.y at the close of the Eise_inower

Aaml....s_ra,o.:, and his successor, lames Webb, supposed strong NASA-universi_ connections.

aCc_,.o._ to specmc NASA-sponsored research, NASA s charter s,:pma_,.d that one ^ the agen-

cy's goals was to _p, omo_e science education.

The first Case Institute of Technoio_- proposal for an Interdisciplina-T Materials Research

Program in _uiy 1960 descMbed how its Cleveland location benefited Lewis Research Center. Case

Institute's faculty had provided NASA with necessa_ additional training in materials in a recent

in-house graduate course offered at Lewis. However, the former strains in the Case-NACA relation-

ship may have influenced the proposai's rejection in favor of Rensseiaer Polytechnic Institute. s_

Wne:n Gie.'_.an returned to tee presidency of Case Ins_,u_e, he : '"care,miy laidthe ground-

work foran imDrovement,inrelations,in October 1962,he personallypaida callon ._u_,_.=._Dryden

and handed hLm a summary of the proposals _ :+'"_ _ 'awa_a_, o action by NASA eva:.uators, in a memo to

John Hrones, Vice President for Academic Affairs, Glennan revealed that the Case faculty *_,^',_'*

it had been treated unfairly by NASA in the past: "! think that Dr. Dryden has protected the fin-

tegrity of that memorandum which was rather critical of actions taken by one or more individuals

in the NASA organization in the review of our proposals. ''s2 Case _0 " :*-_,cu_ff claimed that its pro-
posals were still being turned down for reasons that had more to do "+_w_,,_ personalities than

• 1.,o4 the _ " _" "technical quality ;n 1963,but by October _'_ s_ua,.o_, had improved dramatically. Case was

doing quitewell.itsacceptancerateforthe previous !2 months had reached I00 percent,sz

,_,T,,1963 Case caught a whiff of NASA_ 's _ians for a h:.gh-._ecn"' " racfi'_."" "' It Strongly backed the

. area s ,_.d for the site for a NASA E_ectromcs Ce._,e.. Not surprisingly, given the strong

ties o.-'.the Kennedy Administration to Massachusetts, t_e, d+v.. iost out to Camonage. "However,

realistically, the Cleveland area had nei&er a cadre of Ph.D.s trained in electrical e,g,:,eenn_-;'- " _ nor

strong industry suppo_. Politics precluded two NASA facilities in the same city. Nevertheless,

Webb saw a role for Case Institute of Technolo_" "'-n, ,,_e govermnent, indust_;universitypartner-

ship he envisioned. He hoped that Case would assist NASA in ferreting out Cleveland area in-

^_ _ecnnologT,turned todustries _h=, could use NASA-generated tec_no!ogy. He believed that space • '

zrof:_s by maus.:ry, would mean a stronger American economy.
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However, it was one ._h':na,^.o to formulate a policy.,, another to implement ,_._With the exce._tion

ofTRW and Eaton Industries,therewas littlehigh-techindust_-inClevelandthatcould benefit

from aerospace technology.Cleveland'seconomy, beginning to fotmder,depended on heavy

industrieslikesteel.Itwas increasinglyclearthatthe rolethatLewis had oiaved instimulating
innovation among _:,_ ' " " %-,;. _,m,. engine companies aunng the NACA years would oe a;mcu_ to recast for

the utilization of space technology, despite the good intentions of Case and the Lewis Technology.

" ¢'__ . _echno,_ogvavailabletotheutmzat_on P, oo_a .... A conference sponsorea by Lewis to a:scuss new _ ' .

electric power industry as a consequence of the space program created interest but no real com-

mitment to innovation. Lewis would discover in work with the automobile industrv in the i970s

the difficultiesof pushing innovationon a reluctantindustry,ss

Although Case's involvement in the technology utilization program was minimal, it had bet-

ter successwith an ambitiousproposalfora Space EngineeringReseai'chLaborato_-,submitted

in Janua,- T 1965. The proposal for $2,580,000 in construction funds emphasized Case's strong pro-

grams in space-related discip!Lnes: digital systems engineering; control of complex systems; bio
and ._ "" '_,_ec:.ca- engineering; : _ _" _ " •engm,.e,mo _" "synmes:s; _iu_d, thermal, and aerospace sciences

mechanics; and plasma dynamics• it proposed concentrating some of these programs in one

building. The proposal indicated that the relationship with Lewis was begLnnmg to flourish, with

new staff recruited from Lewis and over 100 Lewis staff currently Ln advanced degree programs,

i7 of whom were Ph.D. candidates. When the new NASA laboratory was dedicated in i969, it was

appropriatelynamed the Glennan Space EngineeringBuildingto honor Olennan's dedicationto
Case, NASA, and the AEC. s6

in 1966 NASA turned renewed attentiontoaeronauticalresearch,neglectedafterSputnik.
At" ," "'

._e_Is,aitnouohothe.ma'.'or._ effo_ remained inspace-relatedactivities,severalnew _rojectswere

initiated. The return to aeronautics among NACA-trained staff meant _ ret_,n to the intriguing

_roblems of compressors and turbines. The ohenomenal growth of air _ '_ravei had caused :,'-_-*

congestion, overcrowding, noise, and chemical :,_;-+;^-,pv_,,,,_,,. The development of quieter engines, as

well as mrcra-_ that could take off and ..'ana on sho_ runways, offered the promise of new

technical challenges. Lewis also took part in plans for a supersonic trans._ort airplane to compete

with the Concorde under development by the British and the French• However, after a hiatus of

nine years,could tee staffreturn to a _ositionat me c_,_dngedge of _: .... _ '"

technology?Lewis:sfacilitiesforpropulsionresearchwere no longerunique.Not onlyhad lhe air-

craftengineindustriesdevelopedtheirown facilities,but the Air Forcenow had itsstate-of-the-a_

':'_'_tunnels at the Arnold _,ng:...eermg Development Center in TuHanoma, Tenn.
Lewis had '" " • .....enm-na_ed work on a:r-orea.mmg engines when it shifted into space '_oou%ion

Researchers at Ames and Langley never abandoned their work in aeronautics and did few soace-

related projects in the 1960s. Lewis's space work, particularly its management of Centaur and

Agena, had swelleditsbudget inthe 1960s,althougha largepotion of thesefunds went to con-

tractors, in 1964 Lewis received $299•9 million for research and " 'cleve_opment,compared to $78.1

million and $40.3 million, respectively, for Langley and Ames. For construction of facilities, most

of which were at Plum Brook, Lewis received $26.5 million, compared to $9.0 million for Langley
and¢"o "'" , •,,_.-, mill:on for Ames. in i965 Lewis's research an_ development budget continued to rise.

It received a peak of $323•2 million, compared to $i06.6 for Langley and $54.2 for Ames. Funding

for constructionof facilitiesagain gave Lewis a substantialbudget in 1965:$18.6 millionfor

Lewis, $7.2 for Langley, $i3.6 for Ames. s_" However, the handwriting was on the wail. The
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V" _ ' ' I.,o6, as the Agena project was_emam War and the War on PoverW cut into NASA% ouaget. In o,-

being plnased down. Lewis's research and development budget declined by $73.3 nna-on, z._e

next year, it _roppe_" " by another $87.2 mid.on as NASA experienced its first major ,,_s."-4.Toe"

Hough riots in downtown Cleveland revealed the bitter incongrui_ of the expensive space race

and the problems ofthe innercity.Staffcutsbegan to bite"_ ' "_._o toe morale of toe iaborato_w.

in 1969, when Apollo !i astronaut Nell Armstrong stepped onto the pocked surface of the

Moon, Lewis Research Center took special pride Ln the .u.ni._ent of Kennedy's promise to !and

Americans on the Moon within a decade. A, ms,o..g had started his career in Cleveland as a

NACA test pilot. Lewis engineers load helped solve some of the problems of Saturn V's huge F-i

engines, and tests in the Altitude Wind TurmeI's vacuum chamber had helped to pave the way for

the safe separation of fine Apollo capsule from its boosters, ss The .Ranger spacecraft, the Lunar

Orbiter, and Surveyor-launched by Agena and Centaur-had also cont_buted to the success of

Apollo, but the _qAghtof Apollo across the Sun had cast a long shadow. The nation's inability to

deal with its social problems seemed to make a mockery of ambitious plans for space exploration.

For Silverstein 1969 marked not only the achievement of a manned lunar landLng, but aiso

_ecnm,,aI leadership had shaned NASA% early years,40 years of government see'ice. Silverstein's 4. ' '," . .

but Headquarters was now in hands more attuned to .:he" ._oiitical winds tna_,""- to charting a ._ost-.

Apollocoursetotheplanets,inhisdealingswith

Headqua_ers, Si!verstein became like a cactus
with thorns, s9 True to the NACA ideal of culti-

vating ex_pe.-'tise from within the laborato_, he
i- _ 4-:ougm NASA's ;._,,,-,,oo;,,c, commitment to --"O_;,"

side _ "+'_'<' " . .contm,.&, o at tae expense of research. Bv

1969 all three former NACA laboratories-Lewis,

..'.an_ey, and Ames--were outside NASA's

mainstream. With the exception of the

laborato_'"smanagement of unmanned launch

vehicles,which includedTitanand Ariasinaddi-

tion to Centaur, Lewis received its funding

+_..-,,,,_h,_.,,,_o._the Office of Aeronautics and Space

Technology iOAST, formerly OART). OAST

commanaea a mere 5 percent of NASA s ouaoet

With manned n'fissions dominating the agency',

_ne camel nan forced "ts research occupants

nearly out of the tent. The research centers were

looked down on by other parts of NASA as

"hobby shops. ''6° Asked to chair a study for the

expansion of Hopkins international Ai_ort into

Lake Erie, Silverstein chose to retire. It was the

end of an era.

Abe SF,verstein, Director of Lewis Laboratory #ore
1961 to i969.

SLACK ""':" :';"
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CHAPTER TEN

DOWN TO EARTH
PROBLEMS

Nothing in Bruce Lundin's background prepared him to preside over the most difficult

period in the histo,_ of Lewis Research Center. The I970s were a time of trouble for NASA. Space

no longer riveted the nation's attention, and NASA, unlike the NACA, now depended on the

whims of public oDinion_ to garner the votes of Congress. Lewis Research Center, _._c_",-easl;.oly'-,_,
4- _/"

vulnerable to s,an reductions required by NASA's budget cuts, bareIy escaped closing. Research

programs were expendabie from the point of view of Headquarters, and projects car:-ied out under

the Office of A_.ona,,a,.s ant Space iecnnoio_, tOAST) were the easiest to cut.

By I971 Lewis had iost 700 civil service positions, but even larger cuts would be announced

in !972, one of the darkest years in the center's history, in that year NASA slated the Plum Brook

Station for closing. The following year NASA terminated 400 staff in the areas of space nuclear

power and propulsion systems. An additional 3!8 people, prima_iy in space research, received

notices; at the same time at least 100 !ong-time emNovees chose 4-;- ". re_,_emem. Many upper-levei
_'^'¢¢ to _':" " '" "re_.e r_me. t>mn witness the msmanthng of an " :+-4-,mst_,,o,, they had worked to

create. They were mmong the cream., of the NACA-traLned ci_i servants, in summing up the

careers of the many staff who 1eft during this period, a writer for the Lewis A%ws found it impossi-

ble to describe "the moments of jubi!ation and the moments of heartache, day-by-day dedication,

hard work, and loyalty of these and other employees that have made Lewis what it is and con-
tributed ....magnt'_v to making the United States -_ _ ;_. w,_a_ ,_ is today." The Lewis News, stiiI a staff

newspaper, not a s_c_< management organ, ca._turea &,. ethos of the laboratory by quoting

America's longshoreman philosopher Eric Hoger's de_nition of patriotism: "To be honest is not

to allow anything shoddy to escape your hands. ''z

Lundin was unabashedly from the development side of the laboratory, and with the S._ace

Shuttle the single most important project in NASA, development was what NASA administrators

wanted. Except for 18 months at Headquarters in the Ogice of Advanced Research and

Technoio_-,. Lundin had saent, the 26 years of his career at Lewis. In *&..,_early oostwar period ne

had worked on afterburners and thrust augmentation. From 1952 until 1957, as Chief of the

Engine Research Division, he directed testing of fu!l-scade turbojet and ramjet engines. Lundin

moved where the domLnant activi_ of the laboratory had always been-amidst the roar of propul-
s;o,- systems under test. For him, to build +;'; _' " to-* some .... no, test _t the breaking point, and measure
it expressed the ruling spirit of Lewis.

Under Lundin, _roject. management of launch vehicIes had es_aoi:snea' " an imoressive

record. Lewis was in charge of medium-cIass launch vehicles, Atlas-Centaur and Titan-Centaur,
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partofthe highlyvisiblemissionsideof NASA. These programs were not affectedby the cutsof

the early1970s.Between 1970 and 1980,Lewis took charge of a totalof 39 launches.Eighteen

had scientificgoals.Space probes carryingcameras photographed the planetsMercu_, Venus,

Mars, Jupiter,Saturn,and Uranus. Two Viking missions,launched aboard a Titan-Centaur,soft

landed on Mars. Nineteen launches put

communications satellites in orbit around

Earth. s

The decisionto develop the enor-

mouiv expensiveSpace Shuttle,areusable

space transporlplane,squeezed the bud-

getsofalltheotherprograms.NASA staked

itsfutureon thissingledevelopment pro-

ject,the firststep toward an ambitious

manned space station#Lewis'sresearch

programs inthe 1960s had helpedlay the

technoio_-base of the proposed shuttle's

main engine.Itwould use liquidhydrogen,

no longerconsideredan unconventional,

dangerousfuel.The designofmany ofthe

main engine'scomponents depended on

Lewis research:pumps, seals,and bear-

ings,fuelinjectors,cooledbaffleelements

to control pressure waves, and heat

transferdatato determinethe properwall

thic-_essfor combustion chambers. The

main engine's unique coaxial injector

element,developedand patentedby Lewis

engineer Sa,.,ue_S_e_,_,a.;owea itscom-

Br'._ce f,undir., Dfrector of Le_,'fsLaboratory ,6"o_ 7969 to bustor to achieve99 percentefficiency,a

i977. new recordin rocket combustion.Despite

its engine expertise, Lewis Research

Center had only a limited ,ole n: shuttle development s Why _e'_s d,.._ not play a more _.o.........

oa_ m theshuttleisa matterforspeculation•Abe Silversteinhad nevergivenup _,eNACA's tradi-

tionof autonomy. He did not willingly take orders from Headquarters, and his attitude did not win

friendsforLewis.Lundin followedin Silverstein'sfootsteps.He isreputedto have opposed the

shuttle decision on technical grounds.

Lundin'srelationshipwith Headquartersbecame increasingly-acrimoniousas he was forced

to cut civil se_wice _oositions and reolace_, them with contractors, janitorial and grounds

maintenance, security, and clerical workers were the first to see their jobs turned over to contrac-

tors. Then technical services, jobs connected with running research facilities like wind tunnels and

constructing experimental hardware were contracted out. This was much more serious because it

compromised the abiii_ of the laboratory to do research. DraftLng, library services, and other sup-

port services followed.

Contracting - _ -,_-aome,_,.a the laboratory. The ideal of overnment s,.rv,c__ ; _g ._ _ seemed compro-

mised by theunwelcome introductionofnew staff,which civilservants,ightiyorwrong!v,thought
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did not share the same high standards. The government made no long-term commitment to these

new arrivals.Contractorshad no job security.Although _ey oftenreceivedhighersalariesthan

theircivilse.-Mcecounte_arts,theywere an expendableunderclass.Civilserviceemployees were

advised by the law office to avoid any taint of direct supervision of these contractors. Knowledge,

once shared freely among laboratory, workers, became the prerogative of the civil secant. Con-

tractors kept in ignorance were less threat to a civil service job. As support services personnel in-

creased, contractors and civil se_wants had to learn to work side by side. Nevertheless, _e ex-

istence of two distinct classes of employees with different values and aspirations changed the
working atmosphere of Lewis.

Once the entire laborato_- naa func_onea like a symphony. The director set _e tempo.
Although the ,_" ' .e..gmeers haa played the themes, to make music, each section had contributed. Now

there was a cacophony of themes. Not eve_w employee followed the same conductor. Com-

pounding the division between ci_l secants and contractors were new relationships with Head-

qua_ers.NASA ._rojectswere oftensplitup among severalNASA ",*,-. ce_,_e,sand directed by a project
director in Washington. The ';_ + _ noa,.ec_o_ was longer the conauctor, but a conce_ master who had

little influence over the orchestra's program. Through their management of launch vehicles,
': +r; ' "

smai_er programs in elec...c propmsion, and the nuclear rocket engine, former NACA personnel
had learnedeffective.- ; *D,ojec_management. NASA had developed strictrulesm dealingwith con-

tractors like General Dynamics and Lockheed. They supe_wised end-product contracts, which,

unlike support services contracts, did not involve personnel actually workmg at Lewis. End-

_roduct contractors came to Lewis only to consult and _; • ,. -_.- ""- negotiate ,.o .... acts. ,'hey were not the
_'_ "to " ' "

same _n_ea_ civilse_wicejobs,and cordm- relationshipsdeveloped..To u_hold,thegovernment's

interest, to maintain the highest safe W standards, and to prevent the delivery of shoddy hardware,
NASA's relationship -;,hw:a: contractors, however, ha_ to be carefully defined. Contractors were to
be ; * ' ' '_<ep_a_ arm s :ength. They could not share offices -;"-w,.._, civil se_wants. Lewis staff learned a new

choreography intheirrelationshipwith mdustry.Now thatthey had power tomake decisionsaf-
£ I." .i . i

,ec_mg muhons of do_!ars,they had to be carefultoavoid any.a._Dearance.,of ,.o_._c_'_"_: "of ; ,- ",nte_ esL.

Given the unhealthy prognosis for a _ .,v; •s_g_,_,,cam involvement in NASA:s manned space pro-
grams, Lundin directed "_ ' - '_._e laoo, ato_- s programs more strongly into aeronautics. Wbrk .', " '_x_an_ea

on the Quiet Engine Program, • -_ ,_ ._ ,s_a, _e_, under Silverstein. They would return towork on :u!l-sca_e
engines, this time not at the behest of the ":'*m:,:_ary, but in response to _ - ".ec.aes_s from the Federal

Aviation Administration {FAA} and the Depa_ _...e_._of _'iYansportation. _ne FAA asked Lewis to

design and build a demonstration engine. The engine would combine state-of-the.a_ _ ' "_uroo!an

.ecnnology., : . v,'_n,, special, acoustic materials, to reauce. .n°Ise" _ne goal of the program was to
ae_e_op _ 22,0_0-poun_.t_ust engme that would oe Io to 20 decibels quieter" _'_na_-";,he current
commercial jet transports.

Noise suppressionresearchatLewis was not ne_; The NACA Subcommittee on Noise had

supported _ ...._e_ nozzle s_ua_es to make engines quieter as part of operations research at Lewis in

I957. However, in the NACA era cooperation with the engine manufacturers never went so far

as a demonstrationengine." _'-,:_,V_._.eLewis had been out ofthe air-breathingenginebusinessin the

earlyi960s,the enginecompanies had introducedthe turbofan,a more efficientengine,sincenot
allofthe airtoproduce +_..........s_travelledthroughthe compressor.Now Lundin hoped thatLewis's

competence inair-breathingenginescouldbe used toadvance turbofandesign.General Electric

received,a hefty,government contractof $20 millionto bu_d'"three_,._,.,_.._'_"_"'_-+,fan designsand to

' c, ofmate them to an engine core. Lewis took cnaroe the test program to measure fan noise,
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Although the formalcontractualrelationshin""..... w_tn Generm Electricwas new, _,ew-swas used to

dealing with the company. The space initiative had interrupted their relationship, but _" *:_,om were
willing to ""'' ...... " " "a_j_s_ to new co_._rac_.al ' _" _•om_gaaons maneated _,v the government. 6 Lewis also

cooperated with General Electric on a demonstration program, the QCSEE {Quiet, Clean, STOL

[short take-off and landing aircraft_, Experimental Enginel. The new demonstration engine was for

an experimental transport plane that would be able to take off and land on shoX runways, a

solution to the congestion of &,_ nation's airports.

In another approach to the problem of a quieter engine for commercial transpox planes, in

1973 ._ew_s, P,a_ & Whitney, Boeing, ana Douglas A_rcra_t ..... * " _-',_,.ego_:a_ea a ,.os_-sn_.n,g, no-fee con-

tract for the test phase of what was called a reran program. The object of the program was to

modify e:dsting technology _' ', . ramer than redesign an entirely new engine. A single-stage fan was

substituted for the two-stage fan of Pratt & Whitney's JTSD engine. The two airframe manufac-

turers agreed to "'_ * _:_..s_a._ acoustical material in the nacelIes, or ooas ,'*" TM. wnm_ which the engines are

housed, to muffle the noise of the engine. It was a simpler, less ex_ensive, approach to the
problem, r

The strong return to research in air-breathing "-_,'._ ' "e,_o_,e systems included work on nehcopters,

wideiy used in the Vietnam. War. Lundin agreed to a joint research program in low-speed aviation

with the U.S. Army Material Command. This was the first time that civilian Army employees were

integrated into the Lewis workforce. Although the program involved oniy a handful of engineers,

this arrangement broke new ground in the relationsNp between the militaw and NASA. In the

past, the Air Force Liaison Office had requested test programs carried out in NACA's wind tun-

nels, but the NACA had valued its independence. NASA of the 1970s did not have that luxury. The

Army established an Air Moon_,tv";".Research and Deve.:opment' LaboratoQ" on Lewis grounas.' Its

research program is secret.

LEWIS TURNS EARTHWARD

The search for a new research agenda coincided w_tn the naaona- e,.v_rom,e,_a_ concerns

o_ the early I970s. Louis Rosenmum and Stuae Fordyce _.... '_ the NASA Vomn.:eer Air

Consea'ation Committee to respond to the down-to-eaXh problem of air quality in the city of

Cleveland. In the early I970s, before the closing of many steel plants, the location of Cievdand

industry downtown in an area called The Fiats produced hea W air and water poliution. In I969

an oii slick on the Cuyahoga River, which snakes *_,-oug,.-_ the :'-'_',_^_o._,_.'heart of " .....

Cleveland, caught fire. The burning surface of the river caused the spectacular conflagration of

several wooden bridges. National media attention brought the city shame and increased commit-
ment to ":' _",..e_.; up the air, the river, and Lake Erie•

Local concern for the environment coincided with a new national awareness of the fragility

of our life-sustaining g!ooe. The .orobes of the sosar system. Io,_,.e by. A_,_s-Cem_ur*'.... and Atlas-'

Agena shattered illusions about life in outer space. The unmanned missions of Viking, Surveyor,

"' - ÷ ",, _h_ atmospheres and extreme surfaceand Mariner gave ; "_" ' ' " . * _,sc,ea,_is,s a more precise _.nae_s,andl, o o.-"

temperatures of the ' •p_ane_s and the Moon. Photographs of the stark, lifeless outlines of tae Moon,

Mars, Mercu_, and Venus made scientists aware that they shared Ea_h's l_._e.mmab;e geologic

histo_. Life was unlikely to appear in the solar system for millions of years, s Popular arguments

for e_r_e_es,.,al n_e were now balanced by the so._ermg thought .:nat d',,. biosphere might be

unique after aii. Ea_h's atmosphere had limits. It was a fragile membrane, wrote the essayist

Lewis Thomas. "The color photographs of the eaXh are more amazing than anything outside: we
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liveinsidea blue chamber, a bubble ofairblown by ourselves.The othersky beyond,absolutely

alack and appalling,iswide-open country,irresistibleforex_!orafion'9

r_ December 1970 severalscientistsand engineersat Lewis o%an to look intotlneavail-

abi/ityofgraduatecoursesrelatedto " :- " _ "' " ; "-,e_,v-,onmema,promems. They _ound thatwAhm the center

there was sufficient expe_ise to begin to plan a course similar to Evvard's "From Mach 4 to Infipi-

ty." Robert. Hibbard, a scientist in Lewis's Advanced Research Institute, took charge of coor-

amat:ng this mfo.ma..' o. a,_ate seminar, it drew an unexoected response of i00 students. The

course covered topics such as "Pollution and Legislation," taught by Kenneth Coffin, "Combus-

tion Fundamentals" by Sanford Gordon and Fran_ Be.ies, and 'Fossil Fuels' by Robert Hibbard.

Other lecturesby Aibe_ Evans, Helmut Butze,Charles Biankenship,Matin Warshay, Frank

Zelez._.k,and PhHiip Meng covered variouspotentlaiiycleanerengine configurations.Gas tur-

bines, steam cars,and electriccarscaughtthe imaginationsof Harold Rolik,William &rack, and

StuartFordyce.LesterNichols,Reese Roth,and Robert Rohal exploredfissionand fossil-fueled

elec._c generating stations.These topics,which covered pollutioncaused by au_omooiles,

airplanes,and nuclearand electricpower generation,were the seedsfrom which mn entirelynew

effortwould grow.i°

The followingyear,as grassrootssupportfrom withinthe laborato_ strengthened,Lewis

formed an Environmental Research Officetodevelopsensingtechniquestoidentifyand monitor

traceelements and compounds in the cityof C!eveland'sair.Lundin worked out an agreement

with Mayor Carl B. Stokesto lend techmcal assistanceto the city'sDivisionof Air Pollution

Control. From 20 monitoring stations, the ci_" would provide 50 samples a week for the

laboratory, to analyze. The goaI was to develop hnexpensive methods to pinpoint the source of a

particular pollutant. _: To identify trace elements in the air, the P!um Brook reactor staff got into

the act. They ' ' ' •aevesoped a technique called neutron activation anmvs:s to detect mercury, arsenic,

cadmium, and nickei from substances in air samples. The center also initiated a project, funded

.:nrougn the E,_v_-onme,._a; Ko_ec_:o.: Agency iEPAi, to study how treated wastes contributed to

the pollution of Lake Erie, at that time choked with algae. A NASA program, directed from the

Manned Space Hight Center in Houston, Tex., used RB-57F aircraft car_dng remote-sensing in-

struments to photograph the effects of strip Tining, crop diseases, and ice formation on the Great

Lakes. In 197! Lewis Research Center assisted in :-_eepmg track of the spread of corn _hg_ over
the mid-western states. _2

in 1972 Lewis staff' <, -" meoeoa,_ to monitor samples from eight new meteorological stations in "'

city of Cleveland to study the effect of weather, particularly winds, on pollution levels. The sta-

tions were set up m Cleveland area schools, with students, supe_wised by a science teacher, t_ng

the readings. A solar-powered remote control station located in the five-mile crib m Lake Erie

tracked Lake Erie's effect on weather to show how pollution was spread in the Cuyahoga River

Valley.

in I970, to focus on pollution from automobiles, Lewis set up the Automotive Systems

Office funded tx_rou_no the _,PA. They hoped to aeve_o._ a gas-turbine automoo_ae engine based on

the potenfially cleaner and more economical Brayton cycle. Could a car powered by a gas turbine

get good performance, fuel economy, and meet or surpass the i975 Federal Emission Standards?

Pushed by the rising voices of the environmentalists, the American automobile indust_" seemed

poised to make the transition from the piston engine to the gas tnrbine. Lewis staff developed a

_pe of thermal reactor to burn up carbon monoxide and hydrocarbons left from incomplete com-

bustion. Members of the Materials and Structures Division tackled the problem of developing
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low-costmatenas, such as cera:rfics,to w'.mstanathe high temperaturesand corrosionproduced

during the combustion process._3 in the mid-1970s _ey would add the Stirlingengine and

electric-powered cars to their automotive expertise.

THE ENERGY CRISIS

Staff cuts and the new commitment to the environment coincided with the growing

awareness of the country'sdependence on fossilfuels.Among the Lewis staff,RobertGraham

saw a _tent-lalopportunityfor Le_ds to develop technoio_-for new approaches to ener_- pro-

duction.Graham argued in a memo to Bruce Lundin in October 1970 d.aatLewis had a unique

capabili_to unde_ake energT research."I know of no other major iaoora_o_'' " *_..a__".....L,.CO._.0_a_es

the ....pertinent caoabilities in thermodynamics, fluid mechanics, heat "-aa_s_er,-:materials,' chemist_,"

nuclear physics, plasma .ohysics and crvo-_hysics., under one _,._,_-:_,_÷;_,-_,.."_4He asked _undm*' " to

consider a Iono .a_.oe program to examine various power-producLng systems. Graham suggestea

that a special projects panel be formed to awaken interest in ground-based ener_" systems.
Robe_" "" ....

_,ng_:snindependentlyreached .me same concius:onaf,e,readingAivln Weinberg's

Re_ec_ons or, Big Science. Weinberg, then the director of the Oak Ridge National Laboratories,
_._.argued that government laboratories had an obiigation to _._e count_- at a tlme of crisis. To face

the energy., crisis the country needed the task or mission orientation of gove.m..e,,-".'_ "" laboratories,

not the "remote,pure and fragmented" approach of universityscience.:sEnglishthoughtLewis

should "step forward" to offeritspropulsion expe_ise.New work in ground-based energy

systems,..... in English's view, would also help solve Lewis's own crisis, >,_,,.,_,'_,.__,_o_,__'.... by the 1972

staff cuts. :6 A graduate of the University of Minnesota, En :; h _,.. g_.s_ had been at Lewis since !9.44. T._

thinking over the laboratory's past, he concluded " +.ma. ,h,. essence of Lewis Laoorato,D/was energy
conversion. The skills and ":*, _, ;_ ' ' '

•b tatraa:,ons ,.at Lewis oersonnei ..an perfected as ,h..v aavancea the tur-

bojet were themselves a national resource. The same understanding of fluid dynamics, heat

transfer, combustion, ma,e,,als, turbine aes:gn, beatings and rotor dynamics, : " " *"_uonca_lonand

• _ .:herr wor_ ,... rockets an_ space powerseals .... b._.e cooling, and controls :on'ned ,h,. basis of

systems. As chief o.:. the S_ace. Power System Division, Engi:.s_. nao co_._,,,_,,ea"_-:_",'" to ,h,. *_ecnno,ogy':
of the _'" .... " ......_,%v'to_. cy,.,e systems--aes:gne_ to be usee with rather a solar or nuclear power source to

heat the working fluid, a mixture of helium and xenon gases, r .-•n August 1972 tins conversion
system ._ac_com._Ieted more than 3200 hours of testm_ _.n Plum Brook's S._ace Power _ :':": aca, _y. NOW

this work, conceived in 1957 and tested as early as 1966, was about to be shut down. English did

not tam.< that tins experience should be lost. Brayton-cycie technology, developed as a closed

system for continuous una_e,_aed operation in space, could be adapted for mass iranspo_ation
needs. Buses and * ; "' " '_rams with revoiutiona W new engLnes wou_a be cieaner an_ more en_-gy__ ,
enic'.ent

Lundin " -,,ega. to work ":*_ _ of ", "+ _: .-w;,_ the U.S. Deoartment Tr.ans,.,o..a_-o,; and the '_'__*._'.4,.Since coai

was cheaper than oil, it seemed feasible to investigate ways to make coal burning cleaner and

more efficient. Knowledge of the ._otassium Rankine system "- s_ace. .oower oen,._mn<__'_+" could" "e,e

applied to _._prove coat-fired _ *,':e,ec,,c power generation. The Rankine system had the potential to

wring more ener D- from coal through a _op_,mg cycle.

The Arab oil embargo of 1973 brought home what sno' u'-m"have come as no sumrise.. The

dependence of the industrialized West on oil made the United States s,*"a_%:c_iy*_" _.... vu-neraole, in
the decade o_',_- World War _ ' " o-"_:many tecnnlcal r-;+. .:he. _-_e. s raised " spectre dwindlingoilrese.wes
and °' "mmr effect on both economic development and milita U preparedness. In I952 Eugene Ayres
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and Charles Sc._r-o_< mr example, .,an predicted an energy crisis in the 1920s in their book, Energy

"" _:_ " " " to toSources," Th,e Wea'th of the WoPd. O.,e,.s also tr-ec to ..... _-_," _"_,,,.a..,._, _,'_enadon the need conserve

orecious erergy resources. Only after the aggravation of the bug iines to purchase gasoline in
1973 did the Nixon " ;-; .... " -, • •aQm .... s.,_ao, fully aopreciate the urgency" o¢ the energy ;", *; .-. . - S._,.,a,.o.,. Nixon

asked Dixv Let Ray of the Atomic ,_ne-gv Commission to _ " " ". _- - . c,.mr a task force to define the _roblems

an'q._offer solutions. Ray set uo.i5 .panels• _no_,s,.__'" " chaired me panel on energy, conversion. Ma.._.:,,'_'

• "'* * ;" ,.ew.s also served on tins pane_. LewisU G,_s_e .... Harvey Schwartz, and George Seikd from * ; "" '

...... ;" on the ' _ _nomas, Gerald Barna, Da ..... T•.ep_esem_:ves Sorer _nergv Panel included Ro--aid " : .,-,:._,:.

er-,,a_ow_z. Patrick Finnegan, George K,,,.,.a,, _,ta_e, Rayle, and joseph M. SavinG. George

&e;.{e_ served on the Fusion Energy Panel, ann T.mac.eus S. Mroz and Lloyd Snure on the Ad-
vanced _Dansportation Systems Panei._r

b.,,.nG because it is cr_ven by _ne Sun, was _mong -,_e a,te,,._,ve energy sources considered
by the Solar Energy Panel• The Lewis ........ ,;. _: " '

, .e_,,,-s,.,_a,ves on .... s panei were --o-'------_r_e°';n'*;_c_to develop, a
unioue exoertise in wind turbine technology. In 1970, Cruz MaiDs, Secretary of the Interior of
_'"_"*" RICO, _".... "_"" " "" ' " _-,_o.a,o:'_ _,io_n,. generate ,,: *-,_:+,,..es,sn a wind .... ' : ,_ " "- ,.,ec_.,v;,_

for the Island of Culebra. Although no one knew if the _x.,.c,;"' turbine" wouic"" actumiv'" be 'o:ai_,,"_

interest in wind as a s.,os._,, for fossil fuels oegan to grow. Louts DR'one of t2.e National Science

.o_,.ca.o.. upon neanng o ¢ the Lewis ",_ : - " ......._ a..s,g., aecmea to authorize tb.e funas to construct and
operate an .', -; -,*_: _. :-:_ ._**.00-_,,ov_a,_ ,;..A +,..,' ;._ at 0.c. x_ ...... o..e P_um Broo:<. At average wind seee,..s"a . 18
miles Get '_ -,- "

. .o_. the s'_s,em'+ was exoected, to generate i80,000 '._nowatt"' hours' per year in the" form
of ._.*0-vo_L 3-'_'_,,_,,,.,o0-cyc_,. aiternadng ,,-r ,,_ ,,* ,,* ''o,_p_,_. Later the wind turome was ,,eo, aae,, to
oroduce 2uu k;: .... of _ _'; ;*" the _ ": -" ' _" " "e,,.c._c.ff• in !973 Na,o,m Science _ .... *. ,,.o,,,,.,a,o., (NSF] and NASA
snonsored a joint worksho_ on wind power _" " ' " ' _',,a_ Drought _%e,.e, all _.v_,_,*_<,a.,_Or...a,.Oa. On

.orevious wind Dower deve!ooment, mciumng a :ui>scaze wind turbine exoe........... e.:.: --; ,_ -,* .."ca,,,e,, o,_
194.0 bv Paimer Pro.am an ,_ .:no S. '_",'oo_,..... "_s"- Smith Company at Grandoa's Knob, Vt. A _aoer by

Ronaid L. Thomas and Jose._h M. SavinG, "Status of xa,_a-_.e, sy Co.,.\ ,.. s_o., _ -_._'. ._ese,._,.G at a

svmoosium., s,_onsored by. the NS_ ,- i973, summarized the point to x_,_,,,'_...,..,work at Lewis na_ pro-

gressed. :s In 1974 Lewis received 81.5 miiiion for its wind energy program from NSF and the
..... o_ Research and ........ -.-.,;-,: .... : ,. _" . _ • .exD ...... e:._ wind _'.:"-
blues funded u"de" _' ' its *' ]_,.,_-xDAand successor, _ne De.o ...... em o."........ <-" _ Energy _DO % were "" in. - , , _,,,_ oDera-

t.'on oe._,.e.* '_" -" 1975 ant 1979..m._.e most impressive of these was a o.2-,.:eo_,w_'_'_" _,^ "_ Mod-bB wind tur-
bine e,_,_ . on "oe..e._.o_ the island of Oanu, Hawaii, now in ..... : :,.Oa..... _:C,a: use.

Drawing on experience ;_ ' ,,,_ :._a for . v_ ,-__ex,.,op_,o solar ceils soace power s s'e,,s, Lewis also
_a,_,_a_eG:":*;"*v ,.,,._,.05.&.,sc,."" to deveioo electric systems :- .". . . _n remote areas of the country :nat could not be
e,_ecc\,.zv se.vlcea by t-re _ r+,-_ " ' ' o¢ ....e.e .... c ....._owerincus.try. _ne vLiage the Papago m,'_,.,eat Sc,_.c,,.,...

Ariz. _about ,2_ m_es :rom Tuscon} was chosen as the site for the worm s .c,._, sdar-powered

viEage.._. Lewis team. headed by Louis Rose,.o ...... _es,gnee and ,..s_ae_:""_:_ .....t_e / " .-"S'/S_eaa., ":_" _''_..,C,. COn-

sisted of a solar ceE array, fieid of 192 _hotovo',taic. .Dower modules. Excess e_ectr:cm'" : e'_ergy, stored
in a bank o.-"lead acid >, " -" .........a.e.:es, arovided Dower tot ,, "* o_ _: n _ m " _°. . ..g._.S anC

Lundin could not win the g,:_' cooperation of the electric Dower industry The new solar

technology tnreatenea tee power :'_ ",, .*-, Tt .-_S..F. _ ,_roved easier to devebp the technology than to
achieve the hoped-for technology "- -_ z ...._a,sze_...a memo from the Cane. of Industrial ->'"",,.,o._,.-_.... to
Bruce Lundin made '_' :..... : - "
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Although entirely peripheral to the Lewis progam of iarge-scale experiments [which

relates directly to utility generation of buik power}, it is wei! to recognize that the

overall solar program is viewed with reservation by much of the utility indust_'. This

is oe,.ause solar _ower devices used by their customers will reduce utility energy sales

but wiiI not reduce uti!i%- need for total generating capaci_. The combination wouId

add to their financial problems, z°

•r -_ t . _ °_und1,. and his staff discovered the difficulties of developing new .e_a_o..s_._s-' _" ", ""- with in-
. .

dustrv. Industv's wa_ attituees were similar to t_e initial reluctance o-" &,. aircraft engine in-

dustry. For many years Lewis had carefully cultivated its good relations with General Electric and

Pra_ & Whitney. The delicate inte_lay between the mi!ita_, the NACA, and industry was mis-
o'," , A_ ° _ "sing in this _,.oun,.-oased energy venture. NASA had the capability to provide aamware based on

the most advanced tecl_nical concepts, but it was powerless to get indust_ to accept the new

technolo_:

The year 1974 brought new disappointment. The center's program in communications

sa_e-htes, growing out o.-'_the revolutiona_-. "depressed co:lector::" " traveling wave tu_ve invented in

1971 by Hen_- KosmahI of the Space Technolo_ Division, was cancelled. This traveling wave

tube dramatically increased the efficiency and reliability of satellite transmissions while it re-
duced costs. 2:

Despite e_,._,h_,l,, denial by NASA Deputy Administrator George Low, rumors circulated

that Lewis Research Center would sever what was now a ve_- tenuous connection w_.:'_';"NASA and

become pax of ERDA, where the major pa_ of its research programs were concentrated. 2z

Sma_ing from the devastating cuts in s'a_%__ Lewis professional s_a::*"" ,un,o_._zed.'-': Rather t_an" af-

fiIiate with _e existing union-the American Federation of Government Employees IAFGE} Local

2182: organized in 1962 at Lewis-they created the Engineers and Scientists Association in

December 1974 under the leadership of Lyle V_\-ight. They joined the International Federation of

Professional and Technical Engineers.

Toward the end of Lundin s ten,are as director, Congress authorized a NASA research and

technoto_f program Ln 1976 to find ways to conserve aircraft fuel. As a result of the Arab oil em-

bargo, between !973 and 1975 the cost of aircraft rue1 tripled. Compared to the 1950s, it had gone

up 1000 percent. Fuel costs were nov,, an impo_ant factor in keeping _e U.S. airline indust_es

_)rofitabie. Under NASA's Aircraft Energy Efficiency ,_c'_',. _..... _ program, Lewis took responsibility

for two projects: the Energy Efficient Engine {EEEI, or Es, and m 1978, the Advanced Turboprop

Program (ATPI. Through the E a program, Lewis managed .... :_;_com,_c_s General Eiectic and

Pratt & Whitney to develop new designs to Lmprove the efficiency of their engines. Botch com-

pmnies were eager for the financial and technical assistance _at NASA co_d provide. Now threa-

tend by Japanese and European engine makers, oMy through continued innovation could they

keep their dominance of the world engine market. 2s

The Advanced Turboprop Program was :_, more da.-ing and innovative. A temm o_ "_ ".L,,.WIS

engineers had begmn tO cooperate with Han"Aiton-Standard, a division of United Technologies, as

eariy as 197.3. Under a program called Reducing the Energy Consum.ption of Commercial Air

_ansportation iR_C_A i, they began work on _"e design for a prop-fan, an _,.,.,_.

propeller and gas turbine engine. Turboprops had fallen into disfavor after !955 because they

were s!ower and noisier than turbojets. In addition, they have complex gear boxes, making them

difficult to maintain. However, wi_, _e potential to reduce rue1 consump_on by 20 percent, it

2O8
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seemed worth t_ing to resurrect the concept, despite formidable technical problems. Engine and

propeller acoustics, propeller effidency and structures, and ±e problem of gearing to connect the

engine with the propeller were among the many areas of research continued at Lewis tlnrough the
!970s. 2_

THE OUTSIDER: DIRECTOR JOHN F. McCARTHY, JR.

Lundin's skills were technical rather than administrative. He never learned to craft relation-

ships in Headqua_ers to win concessions for Lewis. In his _angling over dae issue of contracting

and his d_ermination to find work for the laboratory outside NASA, Bruce Lundin isolated Lew's

from NASA and failed to solve the question of the laboratory's future. The creation of the Depart-

ment of Energy in 1977 brought new insecurity.DOE planned to manage itscontractsfrom

Washington, D.C., cal,'Eng on Lewis oniy for expert advice. That would hardly guarant_ the con-

tLnuity of jobs at Lewis, which '*ould depend on the year-to-year whim of the new agency. At the

same t'me NASA Headquarters imposed a 350-man limit on Lewis's involvement in energy, pro-

grams. This was perhaps the final blow for Lundin. He retired in 1977.

The post of director remained vacant, fueling speculation that Lewis would soon be closed.

How'ever, when NASA announced in late !978 that john F. McCarthy, jr., director of the Center

2i0 _]!;B,, _ .:'7 ' <! f.':'?.,"?!
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Tes_ng the advanced turboprop. A team _om Le'o;is won the Robertj. Collier Trophy for an outstanding con-

tribution to aeronautics in 2987 for research beg_n in response to the energy crisis.
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for Space Research at the Massachusetts" _:* -*. ms_-,u,e of Technology, had accepted the post, it seemed
a good omen. McCarthy had .... ' .... ." •G:stmgu:saea acaGem,.c cre_en,mis and strong connections with the
aerospace industry. "_ ' • _rieaaqua, ,ers probably counted on McCarthy to take orders from Washington
and to bring Lewis back ; _ 1"•n_o NASA's fo.a.

McCarthy was the first leader of Lewis Research Center who was free of the NACA tradi-

tions that had given Lewis its character. No one at Lewis had ever met Mm. His first speech as

center director did litre to win the allegiance of the .,_,_,,o_o:_particularly its u_)per, management. He

noted that one of the first things Hat needed work was Lewis's image. Lewis "*'as perceived as

a Iaborato_- "searching for an image and a mission." He tactlessly reminded the staff of the em-

barrassment caused by the recent declaration of Cleveland's bankruptcy. Like He city of

C-eveland, McCa: my declared, the Iaborato_ was supposed to have a severe case of hardening

of He arteries," However, McCarthy also noted some of Lewis's positive qualities. He was im-

pressed with "_e expertise of the people, the caliber of the work, the facilities, and the fine

workr._anship." He also made it clear that Lewis had a poor record in the hiring of minorities and

women-something that he planned to change. With respect to the issue of the balance between

in-house expe_.'se and contract;-ng out suppo_ services, McCarthy was more sympathetic to the

Lewis point of view ,hahn many employees expected. He was concerned with keeping at least a
minimum, of in-house expertise:

.As all of you know, we have tremendous pressure from Headqua_ers and the ad-

ministration to contract work out. But the kind of work we do requires Hat we have

a minimum level of capabi;'ity in order to monitor contracts to do the kinds of expert

work that we do... When the firing becomes routine, boring, and mediocre, farm it

out. If it is some#Jng that we cameo, do on the outside, we should be able to do it

in-house. Gnd that balance will have to be looked at and monitored constantly. 2s

McCarthy thought the center needed to work more aggressively to promote itself both out-

side and wiHin NASA. Sharp had reached out to He ..:*commu_._,y beyond Lewis during his years

as director. Silverstein and Luncan, more at home with technical problems, had fa_ed to maintain

these impo_ant connections, all the more _portant in the political agency that NASA had
become.

In aeronaufcs, McCarthy set reduction of the center's reliance on full-scale testing as a goat,

one of the recommendations of a study, by the Nat_on_"" ' Research Council hn 1977. W:_.,';_._'e,. coun-

try's premier test facilities now managed by He Air Force, Lewis's future contributions to engine

development would depend on basic research in components, accompanied by increased expe_ise
in computing, z6

McCarthy's appointm.ent coincided with the funding of $6.14 million for the construction

o.-"a new Research .4,nalysis Center _ '"- _o conso-:date existing computer equipment and to acquire ad-

ditional capacity. He reported that the center was perceived by Headquarters as weak in computa-

tional mechanics and "testing for the sake of testing without doing the analytical work required

to justify that test. ''z7 Computkng had _own steadily from 1949, when Lewis acquired the clum-

sy mechanical differential analyzer. In 1955 He first electronic system, the iBM 607, followed by

the Sper_ Rand Univac !103, was used to process experimental data. The Central Automatic

Digital Data Encoder [CADDE) was the first centralized computer system and the first to record

data on magnetic tape. In 1966 Lewis acquired the IBM 650/653. Much of this previous, computLng

capability was used to record the results of testing. McCa_.y emphasized +'_e potential of
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computer analysispriortoany kind of experimentalwork. The .... '"comp_,e, coum eliminatemuch

, _ _ ,he .m.oorato_had de.oended:.nthe Das+_so_ _h,_costlytestingon which _' ' '

McCarthy foughthard to reversethe fortunesof Lewis. Much of his time was spent in

_%ashmg¢on,D.C.,,_he. than at the center,a change from the personalday-to-dayinvolvement

in Lewis management by pastdirectors.Upper management resentedthesefrequentabsences.

Neve_heless,McCarthy iaidthegroundwork forstrongconnectionswith the Ohio Congressional

Detegat:onand never turneadown an oppo_mty to speak atboth localand nationalmnct:ons.

Through McCarthy's advocacy,Congresswoman Mary Rose Oakar came to p!ayan increasingly

strong role in promoting the .me.es_s of the center. For example, McCa_hy spoke a.: put_:_c hear-

ings of the Subcommittee on Compensation and Emp._oyee Benefits Corn .... _ee conducted oy

Oars:at at the C_evemnd Federal Building in July ,98_. He descnbea the _ ' '".eaucnon in staff over the

previous ten years from 4200 in 197! to 2690 by the end of i98!, a reduction of 1510 positions.

McCarthy pointed out that Lewis had a high _ "_a_m_on rate because of a pay ceiling for fec_eraI

workers and changes in the government retirement system that actually penalized senior people

who did not choose to retire. "These individuals could not afford the economic penai_ associated

witch not retting, even though many would have preferred to stay on at Lewis. Many of these in-

dividuals have accepted positions in private ",_,_- _, ' " "_..,_us,_ at considerably mgner salaries., '29 Of I200

scientists and engineers, less than 6..- -,.* ",-_:^,,:*_e.ce._ were under the age of 30. It was _:_,.,_ to attract

young scientific and _ "" ; _ of the . .,.ng_.eer.n_ talent because instabiiitv of Lewis _rograms.

s.,e _"_°_o* blow to McCarthy's efforts to cha_ a new course for Lewis came with the

publication of a study funded by the conservative Heritage Foundation. Prepared for newly

eiected President Rona!d Reagmn, the A_,er_aa .for Pro_ess focused on ways to cut government

spending. It included a sho_ paragraph on aeronautica! research and technology. The report
called _' "_ms research unnecessa_ because the aircraft and engine Lndustries were mature enough

to do their own research and development. It recommended that all civil aeronautics programs

funded by NASA oe aoos'.shea. With the 1983 aeronautics b_a_e_ to _e cut _.nhalf, it looked as

though this time Lewis would not be sparedJ °

The _'" _'_" ^_h_ 4. _:__ave.s:_es _,__._ 1970s had toughened &,. Lewis staff. They were ready to take Lewis's

future into their own hands. Me,in Auk organized the "Save the Center Committee" to work

w,_, members of the Ot'2.o Delegation to Congress. Senator john Glenn, the former Mercu_-

astronaut WhO had received some of his Mercuv training at Lewis, and maom_ame Con-

gresswoman Mary Rose Oakar needed no w,_ _....._. _hey ]omen Howard Metzenbaum, Donald

J. Pease, and Louis Stokes to pressure Congress to keep the center open.

McCarthy chose "_," "" •_._s inoppo_une moment to resign, however, ne left in place a group of

ten dMsion chiefs, chaired by Wili'am "Red" Robbins and Joseph Sivo, charged with the "" 'i]rs_

strategic planning for Lewis. They had the I982 S_r_eo:c Plan ready t_'.e nrst day that Anarew _.
Stofan o_.._ _" S_o_a_. had the charisma annr_._.n_a to Lewis from Headquarters to take over as director. + _

confidence of a former ma.moe, of &,. T.tan-Ce.._a,_. I_nc_ vehicle. He had directed the Launch

Vehicles Program from 1974 u_._..... called to HeadeuaXers. as Deputy Associate Aam._._s'_"" ...._a_o, for

the Office of Space Sciences in i978. The Office of Space Sciences was a locus of power w._,m

NASA. It put Stofan in a position to move Lewis away from its d,_e._dence_''_ on the weak anc

mnderfunded Office of Aeronautics and Space Technoto_- iOAST into the mainstream of NASA.

The Lewis pIanners recommended that Stofan go after five major programs: the power
system for the space station, the advanced * --_, - -, .'*, ' "; '_m,,op_o_, program, refurbishing of the A1d_uae Wma

Tunne_ _o_ an expanded icing test program, the Advanced Communications Technology SatelIite
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iACTS}, and the Shu_le-Centaur Program. Of the five programs, the space power system was the

most controversial, among the members of the group.

Management of major projects like Shu_ie-Centaur and the power system for the space sta-

tion was new to Lewis. Al_aough staff in the launch vehicles programs had managed large projects

like Agena and Centaur, they had never dealt with the Manned Space Flight Program, with its

strong political connections. Stofan saw that these large programs were the key to Lewis's future

viability in NASA. He had the personal skills of persuasion that his predecessors had lacked. He

landed four of the five programs. In Red Robbins's view, "it was a damn miracle: '3:

Energy research was graduali'y phased out. Stofan exorcised the NACA research ghosts that

still haunted some of the facilities. He called past management autocratic and instituted "par-

ticipative management" to heal some of the rifts between managers and staff caused by the pro-

longed trauma of the 1970s. After the Space Shu_le Challenger c_sas_e,':- • ," in January !986,. Sto:an"

reluctantly agreed to return to Headquarters to head the space station project. The present

Director, John M. Klineberg, sees Lewis as less a research laboratory and more a conduit for ideas,

technology, and funds to +dneprivate sector. In his view, Lewis's future rests with the large pro-

jects. With the center employing 2700 civil se;wants and 1200 su_;x)rt-service contractors, a return

to the days when the laboratory functioned as a self-sufficient unit is unthinkable.

Lewis Research Center has come full circle, it is no longer a research laboratory where _h,.

majority of work is done in-house. It is now _irm-y es,ao_:saea in NASA's mainstream: the

development and missions side of NASA. The power system for the proposed space station is its

key component. NASA administrators estimate that over the next ten years the country will spend

$1.6 billion on the development of _ais system. Lewis staff will manage this development +_.- ,....oug.

contractswith industry,principallyRocketdyne and itssubcontractors,Ford Aerospace,Lockheed,

and General Dynamics. Case Lnstitute,now partofCase Western Rese_e University,isamong the

many m_iversitiesthatprovideresearchtosuppo_ the space stationand otherprograms through
contractswith NASA. s2

The plans forthe space stationrepresent_e fulfilhr.,entof T. Keith Glennan's visionfor

NASA. NASA has become a conduitforthe nation'staxdollarsto indust_ and the universities.

Hugh Dryden's conceptof a government researchlaboratorytoprovidetechnicaIcapitalforthe

nation's future in the form of ideas and Lnnovations is no longer viable. The NACA research tradi-

tion, nurturedafterWorld War IIand broughttofuliflowerfrom.thelate1940s tothe earlyi960s

at Lewis, now has but a small comer of the camel's tent. Lew's Research Center's struggle to keep

a measure of autonomy was an effo_ to prese,we the independence and creativi_ of its technical

people. Although never free of Cold War pressure to improve existing engines, Lewis Laborato_w

kept its independence. While it se_wed both the military and industry after World War if, it re-

mained an autonomous institu._on. The success of liquid hydrogen as a rocket fuel is an exampi_
of a long-term ;_._ -+ ' _ , ., ,comm,_,.e,,, that began in the late 1940s. I_ was basic research. The _,,ve_o_men,

ofthistrickyfueltothepointofroutineuse over_ven_ yearsago put the Umted Statesfarahead

of the Soviet Uv/on in due area of space propulsion. Only recently has the Soviet Union developed
_e expe_ise to use liquidhydrogen in itsspace shuttle.

NASA's contractualrelationshipswith Lndust_"have supportedshort-termdevelopment,not

advanced technology.America has been livingoff the technicalcapitalof the 1950s and early

1960s,much of itthe product of government in-houseresearch,in 1988 *danNationalResearch

Council criticized NASA's neglect of advanced technology research. For the ._receding 15 years,

less than 3 percent of NASA's total budget has gone to research. Of that 3 percent, v;,_uaily
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none went toapplicationsmore than fiveyearsinthe future.Ironically,accordingtothe National

Research Council's study, the nation's "foremost technical need is for new propulsion systems, in-

cluding nuclear space oower systems and elect_c p-- 7 " "_o_,mslon for flights to Mars an_ more distant

pianets"--the very programs Lewis Research Center was forced to _ve up in the i970s, s3 Lewis
• 4 t'_

Research Center m the _9%s is poised on the edge of a new era. One of its chalienges is to see

whether a balance between research and development can be restored•
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ESSAY ON SOURCES

For a general ove_iew of NACA histou, i relied on Alex Roland's Mode l, Research: The

Nationa_ Advisor/ Committee for Aeronautics, 7915-1958 {NASA S.,-4_03, !985), based on documents

from the Washington Office, and james R. Hansen's Engineer in Charge: A History of Langley
1 t " *

Idernoriai Research Laboratory (NASA SP-4305, _987 i, whxcn draws extensively on documents from

Langley's archives. I found many of the views in Arthur L. Levine's disse_ation, "United States

Aeronautical Research Policy, I915-1958" IPh.D. Disse_ation, Columbia University, 19631,

provocative, if not solidly documented, ievine's views should be supplemented by Ira H. Abbott's

"A Rew_ew and Commentary of a Thesis by Arthur L. Levine Entitled U.S. Aeronautical Policy
.,t .,r * ,¢.. , i .r1915-1958" {April _964, typescript, NASA H_s,o_" Office, Washington, D.C4. jerome C. Hunsaker

presents an uncritical review of NACA achievements in "Fo_y Years of Aeronautical Research,
•_ e', "_l, ' "+? • ( * . . ,$. "t_I9_0-I900, Smz,nsoman Report for 1955 _V_as.mng_o.., D.C.: Smithsonian Institution, i956},
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"_ . _'" Of"Por_aits ,from the i920s and ,9oOs, edited by W'!Iiam M. Leafy fIowa C.,y. University _owa

Press, 19891. Two histories of Ames Ae_o_.au_ic_ Laborato_ are also ne_pfuh Elizabeth Muenger's

Searching the Horizon: A History of Ames Researc_ Center, 2940-1975 N_SA S._-4_04, 19851 and

Edwin P. Hartman, Ad'_enmres ir_ Research: A History of Ames Research Center, 1940-1965 INASA

SP-4302, 19701. F_ontiers : _"0" *.... . ,o_, _,o_,. The Story of NACA Research iNev_ York: ALfred A. K-on_ _948_

by George Vv: Gray :s a concise descriptive h,s_ory of the NACA to 1948; it conta,'ns some gooc
" ,;,.^;1

ae..a._ on the early years of the. Cleveland ,a_,o_ato.y.:_' - -"

Jo/_'a Holmr,.zd s unpublished study: "The Site Selection zor the NACA En_ne Researca
,w + i ,L t ,_ ,:

._abora,o_: A Meeting of Science and Politics" !Mas_er s Essay, Case institute of Tecnnozogy,

1967), presents a well-documented story of the influence of personalities over objective "" -:_. cr, _e: .,a

in the selection of fi_e Cleveland location. ][ ' • : ,- _ -,-supp.:emen,ea HoLmfeld's work with the G, ea,e.

CIeve,and Growth Association Records, 1881-197i, Minutes of the Cleveland Chamber of

Co_erce, Ms. 347i. Aiso, Corporate Records of TRW, Inc. Ms 3942, Records 1900-1969, Series

i: Corporate Records; Sub-series B: Loose Papers consisting of correspondence 1926-56 and Series

•,.::"Histories, Series V: outside activities. They _rovide. a clearer .oicture o.-'.the role of Freaenc:,:'" :
Crawford, whom I also inte_iewed.

T,,e only pubi:s,_ed source for Lewis n-s,o_" is Liquid Eydrogen as a _,opu_,sion Fuel;

!945-i959 tNASA SP-4404, !978) by John L. Slooo. It contains many revealing historical • "_;:
_4.* •pa_icularlv, about the period o.-'.the I950s. A-,hough Sloop zocuses on *_e..... ;_':s,o.I,,a_÷ -'_ : development

of the use of Iisuid hydrogen as a propu_szon fuel he relates the wor_: at Lewis on ,_.o.:-e_,ero_

/"
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rocket fueIs to general developments in the field. Mr. Sloop also provided me with valuable
documents from his personal files.

I located Lewis records _"_'"-_.consulting a log "";contm,,mg Records Transmittal and Receipt
forms. These included boxes 220, 22i, 23!, 257, 290, 295, 296, 297, 298, and 299 listed under

Code 1300. These records, although historical, are no longer ' *complete, but the product of con-

siderable consolidation by records managers, i refer to documents from these boxes in my text as

" '_ _ne National ArchivesNASA Lewis Records, alt:,oug, I understand they will soon be shipped to _'

and Records Se,wice. The photograph collection is stored at Plum Brook. A chronological log of

photographs, with sho_ descriptions, can be found in the Photography Laboratory. In addition,

there is a Motion Picture Log and a seem_,_e:y prepared catalogue of NACA films, many of which
are of considerable historical ; " ," *,n_e.es_.

,..e Lewis hbra W has nearly ali the back issues {I942-present) of the Lewis newspaper,

called successively FWr,g _S, Orbit, and Lewis News. T_. addition, t'ne telephone directories _ _
1943 to the .... _" • 'prese_,_ have been aounc. _nese are neipful for lists of personnel and, in the later

years, organizaS.onal charts. The libra,'%, has retained loose-leaf notebooks of NACA D=,_,_-.*:._,_._

held every three years from i947 to 1966. T,_ , ,-,._... aamcon, T used a ioose-ieaf notebook marked
"" _ ' " "_" ' of+_.eH.smry w,,,_ca contains the texts ,.. "Smoker Talks" given by visiting dignitaries and staff

o.v..n by the division heads in the early 1940s. The notebook also contains additional

miscellaneous " " : ,,':-- "_ .ma_enaa,such as ,,,aepmosand .... +;- :-,,.__uo_,o_,s ,.,,,.. magazine and journal a_icles.

I found the references in NACA technical papers to be valuable historical sources. I used

NACA Annual. Reports, Wartime Reports, Memoranda, and Notes. In particular, the Langley file, an

index of NACA reports by ^',+_ -.... o,, was useful as re_erence. The Lewis Technical Library. has a good

collection of aviation journals, most beginning in the 1940s7 a few, such as the Sode_ of

Automotive Engineering, go back to the !920s and 1930s. I also consuited Lewis records stored at

_,e, ederal Archives and Records Center, Chicago, Ill. The records consist of four boxes of NACA-

Lewis Lectures, Speeches, Talks, and Broadcasts iJanuary' 1944 +>,,,rouo...,_ December _9a4_.'- ' S_m:-.'ar""'

records at the Federal Archives and Records Center in Dayton, Ohio, consist of I9 boxes of

speeches,' :' " _" "za::-¢s,and pa_ers, by. Lewis authors, men alphabetically by. _u,,.o,_"*_ -'s name. These cover

the pe_od 195! to i954 and 1985 through i966..._ coUection of Ce,_,_.,.-_*_,'-.orog_m-".'_ records is stored

in the vault of the Developmental E_,_m,.en,._ Bmmmg at Lewis, for wmcn Craig Waft and I
prepared a,n inventow in Sep,emoer i986.

Documents from *&e NASA Histo,'T Office, Washington, D.C., aiso proved m"vamam_e.'" *

Biographical files contain miscellaneous correspondence, transcripts of interviews, speeches, and

" _" _ the Walter Bonney interviews was useful in locating _" _ehot%_,apLs. An index to ,re, s,, interviews.

There are aiso inte_iews conducted by Eugene Emme of several key Lewis personnel.
To study the transition from the aircraft " " ' "p_s_on engine to jet propu_s'on, I began with The

Ori_ns of the _arbojet Revolution {Baltimore: ;.ne jonns Hopkins Universi_ Press, _98_ by Edward

W, Constant H. Robe_ Schlaifer and S.D. Heron's T_e Development of Aircraft En_nes; The DeveZop-

merit of Aviation Put!s: Two Studies of the ReZations Be_een Oo,:ernment and Business iCa,._br;dge,
Mass.: Harvard '.-,:., ,- ;.*U...,,e.s..y Graduate School o_ Business Administration, !980) was an invaluable
source for '_,'_ " : ' " ....

_,._ua: m_ormatmn aeout mrcra_t piston engines and the early aeve_opmen_'' _ of jet ._ro-.

pu-smn. For a gnm_se of &,. rote of George Mead on the Power Plants Committee, see Ca,_ Hoge

Mead, Wings Over the Wor'd (Wauwatosa,. Wisc.: The Swanset Press, i971). _spec_ai..'y"#" "' ,e_pzui>,:" ' is

Fra_..< ._ mine s . ne Early History of the Whittle jet Propu_szon Gas Turbine," Proceedings of the

Nsdt,._dor_ of Mecha,.zicaZ Engineers, i52 [1945}, p. 419-435, and jet: 7_.e Story of a Roneer
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{Frederick MueHer, i953}. See also Leslie E. Neville and Nathaniel E Signet, jet Propulsion

Progress: The Devefopment o/Aircraft Gas Turbines {New York: McGraw-Hii!, 1948} and "Historical

Development of jet Propulsion," in Jet Propu£io_z En_rzes, edited by O. E. Lancaster {Princeton:

Princeton University Press, 1959), p. 3-53, which includes discussions of rocket propulsion. I was

disappointed to find ve W little serious scholarly work on the transfer of German scientists and

their technoio D- to the United States after World War II. it was clear to me from studying the

references in papers published by Lewis staff on various aspects of jet propulsion that German

work on turbine cooling, inlets, and compressors was often the starting point for much creative

work. Clarence G. Lasby's Project Papercl{D: German Scientists and the CoZd War {New York:

Atheneum, i971} is helpful but superficial. I also perused the ALSOS files in the National.'

Archives, Record Group 165, Records of the War DepaXment, Genera/and Special Staffs, Box

Intelligence Division, ALSOS Mission Fie, 1944-1945. At V_ight-Patterson Air Force Base, i

looked through sanitized ALSOS files in the History. Office of the Logistics Command.

I found my best sources m the National Archives and Records Se_'ice, Sui_and, Md. I con-
_a. ,,tO ,; •su,_ed , re,.rmnaw invento W of the Textuai Records of the National Advisory. Commi_ee for

Aeronautics (Record Grou._ ^-m ,,zoo_, compiled by Sarah Powdi, June ,967, and "Special Study on

_.e Records of the National Adviso U Committee for Aeronautics," prepared by William H.

Cunliffe and Herman G. Goldbeck, July t973, to determine how to use this archive. An index of

the "Correspondence Files (Decimad File}" and "Correspondence of NACA Committees and Sub-

commnittees, prepared by Richard Wood, proved invaluable• Among other ,ecoms, I consulted

those of the Special Committee on jet Propulsion, w:_ch contained correspondence, but not nil
- i- ,_ . • J" • T •the minutes of the meetings. I mu_,d t_:e missing minutes in the NASA H;storv O:flce., aiso found

relevant documents among t_e H. H. Arnold Papers in the Manuscipt Division of &,. a:ora_," of

Congress, Washingon, ,D.C.

At Wfight-Patlerson Air Force Base l loo_:ea mr documematmn to illuminate the ."e_=_+_,,o_.s,_.p-";'_

between Lewis and Wright Field, but I was unable to locate the records of the An"W {later Air

Force} Liaison Office• I consulted records relating to jet propulsion in the Histo W Offices of the

Aeronautical Systems Division and the Lo_stics Command Division, and in the Aero Propulsion

Laboratory. There are three catalogues of records: "Catalog of Histo_es and Source Materials in

ASD Histories1 Division FEes," AFSC Historical Publications Series 61-50-100, September 196I:

"Guide to Research Studies Prepared oy Office of mstory meaequa._ers Air Force Logistics

Command," i984; and '3.rchivaI Holdings," ASD-HO, 20 june 1986. See also james St. Peter,

"Histo W of the Gas Turbine Engine in the United States: Bibliography," WRDC-TR-2062.

The impo_ance of British *&eoretical contributions to fluid dynamics and compressor

design is discussed in Bian Nicheison's excellent Ph.D. Dissertation, "Early Jet Engines and the

Transi_on from Centifuga! to Axial Compressors: A Case Study in Technological Change"

_ " " nna any solid historicad studies specmcalIy{Universi_ of Minnesota, 1988}. I was not aoIe to g.....

devoted to American postwar engineering educaion and the impo_ance of German and British

science and technology in reshaping engineering cu_ic_a in the !950s. In my discussion of Lewis

Laborato_.'s ,elatmns-,._, with Case institute of Teclnnology, I relied on documents from fine we>

managed archives of Case Western Rese_'e University. Records consulted there were located

under the headings Associations and Organ'zations: Government Groups, NASA, !9 DC and Case

Institute of Technology Engineering Depa_ment Records, 19 FL. C. H. Cramer's Case Western

Reserve: A History of the Universi_, 1926-1976 iBosto,_. Little, Brown and Company, !976} provzaea

valuabie background. In this chapter I incorporated parts of my article "From Braunschweig to
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Ohio: Ernst Eckert and Government Heat Transfer Research," published in History o/Heat

_ranster, ealtea by Edwin T. Layton, :-j.., and John H. '" ' "_ennarc (New York: American Society of
Mechanical Engineers, i988), p. I25-137. i am indebted to Edwin " + '_ ;- _-,.av.on, nrnst E,..._e._, and Simon

Ostrach for their contributions to this chapter, including an unpublished paper by Simon Ostrach,

"Memoir on Buoyancy-Driven Convection."

Serious histo_- of the commercial development of v _ ' ,-_', oscXA;o,_aWar I!jetenginesislimited.

History of the American Aircraft Industry: An Antho_o_,o, edited by G. R. Simonson (Cambridge,

Mass.: MIT Press, 1968} is a collection of superficial essays that barely mentions the relation of

the NACA to indust_. Charles D. Bright's The fet Makers: T_e Aerospace Industry _om 1945 to 7972

iLawrence, Kan.: Regents Press of Kansas, !978}, and The Jet Age: For_,o Years offer Aviation, edited

by WMter J. Boyne and Donald S. Lopez (Washin_on, D.C.: Smithsonian Institution Press, 19791,

are he!._fui, as is K,.._,, Hayward, Go';ernment and British Civil Aerospace iManehester: Manchester

_n,vers_y Press,1983_. Quite amusing biographiesincludeSirStanleyHooker, Not ?vf_ch ofan

En_neer:An Amoozo_'apny iSnrewsou_, nng_an_:Airiife,_984im.ndGerhard Neumann, Herman

the German (New York: William Morrow, 198@ Company historiesinclude Seven Decades o/

Progress: A Heritage o,f Aircra/t T_rbine Technofo_, iFailbrook, Calif.: Aero Publishers for General

Electric Company, i979}; Michael Donne, Leader of the Skies, Rolls-Royce: The First Seventy-five

Years {London: Frederick Muller Limited, 1981!; and The ._att & Whitney Story iPratt & Whitney

AircraftDivisionofUnitedAircraftCorporation,1950}.Severalarticlespublishedby the Howmet

Turbine Components Corporationin the se_des"ClassicTurbine Engines" editedby Robert B.

Meyer, Jr., are useful. See, for example, Harvey H. Lippencott, "Pratt & Whitney Enters the Jet

Age," Casting About, !985, and Pa_ iI, Casting About, !986. I obtained materials relating to the

history, of Pratt & Whitney and the Carrier Co@oration from the United Technologies Archives,
West Hartford, Conn.

NACA*NASA efforts in nuclear propulsion deserve a more detailed treatment than i was

able to provide. Atomic ShieM, !947/i952, voi. 2 of k _'sto_? of the Uvffted States Atomic Ener_

Commission (UniversityPark:PennsylvaniaStateUniversity,i969) by Richard G. Hewlett and

FrancisDuncan isa valuablesource.Unfortunately,i was unable to see a portionofthe NACA

collectionin &,.NationalArchives{RecordGroup 255}*_,_isyettobe declassified,despiteafor-

mal request.The bestsourceforNASA's _,_'_^_o,_-_,o,_, innuclear_orovuision_isjames Arthur Dewar's

"ProjectRover:A Study of theNuclear Rocket Development Program, i953-1963" iPh.D.Disser-

tation,Kansas StateUniversity,1974i'.Thisistobe publishedin thenear futureby the Smithson-
tan institution Press.

On the _ _ "' "
_ra_.szaon _rom the NACA to NASA, Robert L. Roshoit's An Administrative History of

"\nASA, i958-t963 INASA SB410i, 1966) was dull but packed with ivEormation. ! aJso gleaned im-
portant insightsabout the debates ._riorto the _.... ÷;_,,_,u_, of NASA from Enid Cu_is Bok

Schoe_ie's chapter, "The Establishment of NASA," in Knowledge and Power, edited by Sanford A.

Lakoff {New York: The Free Press, "_960,."iJames R. ""..-nil:an,"jr.," Sputnz_,'" Scientists, ana" Eisen_o_er:""

A Memoir of the First Specia_Assistar_t to the President for Science and Technob_2 (Cambridge, Mass.:

MIT Press, 1977) also provides interesting background. Nancy Jane Petrovic, "Design for Decline:

Executive Management and the Eclipse of NASA," Ph.D. Disse_ation, University of Ma_Iand,

1982, has a provocative thesis useful for perspective L_ understanding Lewis's eciivse. T. Keith

Giennan, "The First Years of the National Aeronautics and Space .Administratio£" 1964, un-
published dial, _'" - ,-..._senhower Library, Abiiene, Kan., prow.dea me with impoXant "nsights into his
tMnking about NASA's relationships with industry.
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For the Apollo era,Arnold S. Levine touches on the problem of the autonomy of the

research centersversus centralizedmanagement in fvfana_g NASA in the ApolloEra INASA

SP-4102, I982). Homer E. New-ell, Beyond the A_osphere: EaHy Years of Space Science [NASA

SP-4211, 1980) provided me with a readabie histo_ _. of the early s._ace, program _rom" *&,,_pon,_'""of

view of someone without a NACA background. If NASA reflected the trium._h of technocracy as

Walter A. McDougali argues in . .. the Hea'_ens and the Earth: A Politica_ History of the Space ).ge

(New York: Basic Books, 1985}, I found !itfle evidence of the impact of this thinking on Lewis's

management philosophy during the Apollo years. John Logsdon, The Decision to Go to the Moon:

.Project Apollo and the :¥adonat Interest (Cambridge, Mass.: MiT Press, 1970_ and Roger Bilstein,

Stages to Saturn: A Technolo_cai History o/the ApolZo/Sa_m Launch Vehicles {NASA SP-4206, 1980}
,. , .,._ 0 # _ .helped me to unde, stan_ .::,e strategy ' #- <_ c,, _eap-,,ogom o the Russians in the development of launch

vehicles. Couxney G. Brooks, James M. Grimwood, and Lloyd S. Swenson, Jr., Chariots/or Apo!7o:

A History of Manned Lunar S_cecra/t [NASA SP-4205, 1975} contains a useful discussion of the

rendezvous decision, as does the recently published Apollo: The Race to the Moon by Charles

Murray and Catherine Cox (New York: Simon and Schuster, 1989}.

Interviews with present and former Lewis staff were often essential in helping me to

understand complex technoiogy. However, it was not always easy to weave events in individual

careers into the larger sto_. These inte_'iews can stand on _,mr own as mstoncai documents.

:nay convey the enthusiasm of Lewis engineers for their work, anc_ nopefuhy wi!l prorate :n-

sights for other historians. Most of my interviews were conducted at Lewis and taped. Those T

transcribed are indicated by an asterisk.

Harrison Allen 3120185

G. Marvin Au!t

Rudv Beheim 7/!i/84

*Edmond Bisson 3/22/85

Don Bucheie and WaIton Howes 7/8186

james Bumett 2/23/87

"Frederick C. Craw/oral 4710/85 {TRV_; Cleveland, Ohio]

*Robert English 7t15/86

"john E_,ward 6/i_/87 {Oil/oral, N.H.I

Wi!iiam Fleming 11119/8,5 [Washin_on, D.C.}

*Stuart Ford/ca 3/3!87

Robe_ Graham 2/27185

*Jesse Hal! 713185

Melvin Hartmann 3/5187

Seymour Liebiein 5/I4/85

*Bruce Lundin 7/15/86

*William McNaily 3/5185 {North Roya!ton, Ohio!

*Herman Mark 3/12/85

Carl David Miller 9/12184

V_oLgang Moec_:e_ 4/18/85

Charles Stanley Moore 8/9/84

James Modure!ii 8/9/84

*Hans yon Ohain 2111185 iWasmng_on, D.C.)
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*WalterT.Oison 7/i7/84,10/25/84

William Olsen

PaulOrdin 3/19/86iShakerHeights,OhioI

*Simon Ostrach 9/29/87 CWRU, Cleveland,Ohio)

*Ben Pinkel8/4/85 {SantaMonica, Calif.}

_I_ing Pinkel !/30/85

EliReshotko (CWRU, Cleveland,Ohio}

_Wiiliam _ Robbins -'_"'_. _, _o/86, with Michal McMahon

*Lar_ Ross 2/3/87

*John Sanders 4/7/86

*Carl Schueiter 10/12/84

Abe Silverstein I0/5/84, 10/2/85

"Harian Simon 3/20/85

Ed Richley 2/24/87

John Stanitz (University- Heights, Ohio)

*Peggy Yohner 3/2i/85
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LAND ACQUISITIONS AND

NAME CHANGES

<

NASA Lewis ResearchCenterislocatedon 351.32acresofland inCuyahoga County atthe

sou_west boundary ofthe cityof Cleveland,Ohio, adjacentto ClevelandHopkins International

Ah'po_. Authorized by Act of Congress in Tune 1940, the National Advisory Committee for

Aeronauticsacquiredthe originalparcelofland comprising i99.7acresfrom the cityin i940 for

$500.Ground was broken fortheNACA ,__,,_=,<_;-_,-^_+Engine Research Laborato_ _AERL!.,on _=,-,_=,:_-'-_-v

23, i941.Research was initiatedin May 1942.Formal DedicationCeremonies were held on May

20, i9z_3.The laboratorywas renamed the FlightPropulsionResearch Laboratoryon April 18,

19_7,and the Lewis FlightPropulsionLaboratory iLFPL} on September 28, 1948 in honor of
_ +_George W. Lewis.who had oeen ,,_eNACA directoro" ..... : _: ' to " _-"_e.ona_,_c_researchfrom 1924 -9_1,
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In 1952, to compensate for the toss of !and no longer usable because of the expansion of the

airport, the center acquired 9.8 acres known as the North Area in 1952 from *&.._city of Cleveland.

The Develo_mental_ Engineering Building {DEB) was const.u,.,e,._"+ "_ on this land in I964.

In 1958, upon the _'-_'_:_,- o4 ' -•,_._:_:,_: _ the National Aeronautics ann Space Administration, tze

!aboratory was renamed Lewis Research Center (LeRC). Between 1958 and 1962 the iaboratorv

acquired an additional 139.7 acres, known as the West Area, located in the Rock?- River Valley ad-

jacent to the Rocky River Reservation, part of the Metro Parks System. Additional facilities were
built in this area in the 1960s.

Between_ • 1956 and 1977 Lewis ,_- ,- ,_ * _ ,, ,_A,a_,age,, &,. Plum Brook Station, near SanGus:<y, Ohio, about

50 miles from tl'-e center. Plum Brook Station was established to orovide a more remote location

for major facilities and test operations that were potentially h_ardous, such as nuclear rocket

_o_,.o. Ongmaz_v known as the Plum Broo:-_ Army Ordnance Works, approximateIy 500 acres of

tand leased 5v the NACA from the U.S. Army in 1956 as tlne site for a nuclear reactor. By i963

NASA had accuired ownership -" U._romthe S. Armv c_.. _.. : ........ o_ _,e o__g,.na_ parce_ an_ adc_monaz land used
for _- ,: 4s.a_:c tests of rocket systems. As of June s968, NASA owned 5981 acres. Between !969 and

!971 NASA purchased an additional 2100 acres to serve as a buffer zone. Because of the costs of

_,e space shuttle, long-range ,_ - _ .,_ , •,,e_e_opme_._ projects like nuclear and electric propu:s_on had to be
curtailed, in 1973, NASA announced " *.:na_ Plum Broo_, with its $200 million in _ "'" ",acz_t'_es, would

be closed. In i977 Plum Brook was put on limited stand-by status, and the Space Power Complex

was leased to the Garrett Corporation. in April !983, about i500 acres of land on the perimeter
of the station were sold.
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, FACILITIES

t1942-19871

The firstfivebuildings{Hangar,Engine PropellerResearch Building,Fuelsand Lubricants

Building,Aamm:stratmn m,:;,_:,<,and the _,_,_e Wind ."_,_.. included the first,,_,..,..: were m an-&2k,*_,,t _X a._a.O, ,

propriation bv Congress _._" "_ '. ... ju,.e i940 ikppendix, to Congressional Record, ,iJune ,_,,+,,._a_.voi.' 86, pt.

16, p. 3778}. The e-_+;.-e ..... _: ": "_. . .... ay_,o_.,a_,o., was broken down as follows:

item 1: Power plant laboratory and shops $3,950,000

item 2: Power plant wind tunnel S3,!00,000

,_,...>_'_3: Engine torque stanas" _20,,,00,___' "

Item 4: Fuels, lubricants, and instruments laboratory S400,000

+,_ "t'_ I" CtI..... 5: Hanoar _.,,,,,,,,,,,<gnmann

Item 6: '_:"" +_ ": " ".... o _.,v,,_uuAa...a.,:s,.a,;o, Bu;Id:na :,_:n r_nm

Item 7: Misce':aneous: ;, .... ;.-,c, _,e,..... "........ _, power, supply, _ences,

fun! tanks $ m/%,'_ /%/%fR
,_UL/tUUU

SO ], ,",,", e',,",_
O,wUU,UUU

_.,e T,-:_ Research _ ' and .*.he et _-_,"','_;_'-" Static ' _ _+ -* ' ....., ,,.__,o,v. ,.,aoo,a,o, x were aaaea a _, '"8 con-

structmn. _..,e original seven buildings were co,m,e_e_, by. the end of Vvbrld War ii._.,;_+.nropuision

and rocket facilities were added during the NACA period, and it is clear *'_'-'*,._the designs of most

of these mcmt:es,..... ,.,_.,_".... of v,'_';,,.c,,_' are currently" in use, were developed :tom" experience ant" exoer-
• ,* e- o,._,t_se developed over time in smaiier :acu-_:es.

,,.e secona !urge-scale ..... :-" _ c.._. . . .o_.a..g p,os.a., at Lewis took mlace during tee Anolio years ane
focused on nuclear rocket test g_"::;_:_o ' .... ",_,.,_,_.o .:nat were niacec/m operation at Pium Brook. m the 1970s

expansion o" g_";:;_:_ ' ' "..... ,._:,.., ano new construction were at a v.,_,a:';_+'": S_,.,.S_:,_._""A+:::'m'.r_e Cios:ng 0¢. a U..*'a']e

facii-t'es at Plum Brook {with the exception of the oneratmn ot _,_: large wind _,.,o,,,e_ refocused
attention on research facilities at Lewis in Cleveland. Further documentation of some of the

s.,._..e. ,_c,,,es can be :ouna by. co.s.... ......:"_o Lewis Research Center. Master FacF.it:_es F, an i985
:, , rF,;+'t .,r _'_'_." ..\\ ..... e_._¢, ..... ev inc.}.
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FLIGHT RESEARCH BUILDING 6HANGAR-1942)

The :--o,_,,_ " , •..=.,_,.. was built by the R. P. Carbone Construction Company to nouse various aircraft

owned by or loaned to Lewis for __.r.ic_h:,research. The _'_._,_.- is still in use.

ENGINE PROPELLER RESEARCH BUILDING {1942)

The contractor for the "Prop House" was also the R. P. Carbone Construction Company.

Research on engine cowling and cooling, engine and propeller vibration, fuels and iubricant£ car-
O._.e_o.s, and o._¢_;n_ _ -_!'...<,-._ • ,

_-.o ....... s._,._,o, probiems was conducted in four 24<00, test cells, equipped to
test engines of up to 4000 horsepower at sea ieve" ., ,_.:., m_,- ., g,,.co._a._o,s. ,..zs was .:ne .,s, research facility

to be completed. Research was formally initiated on May 8, i942, in the "Prop House."

A_er je_ en4n'_._ .,. research became *%,. dominant concern the .a,,o,_,o..v,">" "_' _. the _,,v..,_:,,_,,,.... _:_

housed four test cells used for fuii-sca!e testing of jet engines. Under the supervision of +,he
Materials., ' , •a.,_ Thermodynamics. Division, the effects of stress .-'unsure'" .......fatigue, and t,,.e,_al shock

were studied in alioys., cermets, and coatings under laboratory, aeve,op_.,.,_.'" ,_'_'-,* In _:,aS,'o- :_-:"became

the Electric Proeuision Research B,.,,_,.,_,.o.

FUELS & LUBRICANTS BUILDING [1942)

Built by the James McHugh Company for research on aircraft ",._,; .. fuels " ' ,' _" -,.+- ancl _O..Ca.._S,
it o-"._;,'a:_v consisted of 21 _ .... "c.,emlca_ iaooratories, ._6 ' " ' ' ' " "a A,D*a,a a* a pwszcaz _aoora_ones and Z3 smali-scaie test
engines. Basic research in fuels and _,.>,-: -,'.... _ca,_s never stooeed., at Lewis. The a,.._,4:,,_,_,_,.,.,,.ois stiii in use
as the Chemistry Laborato W.

ALTITUDE WIND TUNNEL {1944)

This is historicaily the most i-npo_ant facility of the iaboratorv. Originally designed to test
{,r,--_._ g*a .... ,_, piston engines under : ,-" *_' '¢' " "" • •sam,a,a_,.a a!ctude 7 " ": ,o_,e,a_mg conc;tions the tunne_ was adapted to

test early turbojet and turboprop engines and ramjets. Tests erovided data on the reliability and

effectiveness of engine controls and afterburners and on the flow characteristics of inlet ducts and

exhaust nozzies, information could be obtained for the output, thrust, fuei consumption, and

temperatures of bo+,h components under test and complete engine-propdier and prop_ision-unit
instaiiadons.

Contractor: Pittsburgh-Des M ;-,_- * " .... ' ..,, _ _ . >, " , , •• . m .... s &ee_ Co., S_,.aco,_r_c;ors. T,e Cart-or Core. ire:r:gera-

tlon system and _:eat exchanger}: Co,_:er ,.,o. ,:e:ec:r'._-.... systems............and '.ns+a'.'_a+;oa,_.:,--s'.'.General .a-: ,,:

Co. (drive motor and controls}: York Ice Machine ,Co. {air dryer}; Worthington Pump & Machinery
Co. {exhausters!; %lode Scale Co. ibaiance equisment}

The Altitude Wind Tunnel was a dosed circuit tunnel with a test section 20 feet in diameter.

The tunnel drive consisted of a fan 3! feet in diameter, with a drive motor of i8,000 horseeower.
..-,. , O( , *•_ was caoab_e _roducing an air velocity as high as 425 miles per hour at simulated :+;'- "

of 30,000 feet, down to a low of 250 miles per %ur at 100(? feet. The Refrigeration Plant housed

' " " to ...... .po.a,.o-.. It containedin a ounmng next the :unnei was ces,4nec and buiit by the Carrier Co. _ +_

14 Carrier centrifuoai compressors. A unioue _" .......,ea_ exchanger az,owea the .:unne! to ae cooled to

a minimum temperature of -48°F using freon-12 as the refrigerant. To prevent exhaust gases from

entering the tunnel air stream, the tunnel was designed with a special air scoop. The contaminated

air was treated in a speciai a : *_ building _ 'a....ex..aus_,.. ,m.,e_.aa_ace.,_ to tne "" "
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At the time of construction, it was the only known wing tunne_ specifically c.eslgnea to test

aircraft engines at simulated /"_'* ",_ " " "_,_,ua,. conditions. With a test section large enough for ootn oro-

pe_,.r and engine mount, tests in the tunne_ assisted in _ _,- p 'so,v- 4 cooling _,roolems on the engine
for the B-29; the ;;- *,,_s_ wind tunneltests on .&merican "e,_ "_.,-e.o_.,e ,_rototvpes were conducted here.

Engines Tested

Bell YP-59A {i-i6 engine}, February-May i944

_oem o B-29 (R-3350 engine), May-September i9.44.

Westinghouse I9B and !9XB Turbojet, September-November i944

Douglas XTB2D-i i4o60 Bng:ne_ No;emo,., De_e,.b... 194_.

GE TG-i80 P _: " ' ,_ .... _,,-:, ,-,_,no.ne and Arterourner Performance, Ja-ua._ Fe_,.,.a.} i945; M_.c.-A._s,_s,_._.-_, ..... * 1946;

September-December !947

Lockheed YP-80A {I-40 _ _;- !_no..e;, March-May !945
, tt_NACA Ram jet i20 _, May-June !945; January-March ""'"", _-_o, August-November !946

Lockheed TP80S ii-40 engine), July 1945

R_'_":"_;" YP-47M _Propeiier Tests}, A_.o_.s_-Oc_ooe_ " t,.-

Lockheed XR-60 {4360 enginel, November-December !945

GE TG-!00A Turboprop, November-December i945; January 1946

Westinghouse X24C.4B engbe Ja.,_a.y Sep_e.me. !947

Johns Hopmns Ram Jet _8 :, Janu_-:eoruary _948

GE TG-180 {Engine and Aierourner Performance% Fe_,_._a_-A.,.,_ i948

GE 7C--!80G Engine and Afterburners, June-December 1948; january 1949

NACA Ram .jet 16" Free Jet, ]anuaw-May 1949

GE TG-!90 High Altitude Starting _es_, June-Sep{emoer !949

Armstrong-Sidde::ey Python Turboprop, September-December 1949

GE "r' ' " • ..G-_90D, B-7, RX Engines integrated Eiectromc Control Tests {347), janua_/-_une 1950
" _ *"_;_ ' 2407 " ._ ...._es_:,,o..ouse and C-8 Engine a_._ Afterburner Performance ann Coorng _ *-:_S,S,

S,._,,e.,oe_ Decemoe. 1950

\a,es_.,,o,.o_.se 24 and C-8 _,,o,.,. an_ Ar.:er_,urner _ er_ormar-ce anc, Cooling Tests,
January-May 1951

Westinghouse J-_04_,._,o, Sep,e_,,,e,-Dec .... oe_ 1951" _a,._a.y-Se_e_,oe_ i952

A_:son j-7!, August-December ".:952; oa_.a;y-re.a_r ...... -",_a.y_'!953
Allison " .....•-o8, Marcn-Novemoer 1953

Pratt & "V_m.;*.;.m,._" J-57, November 1953-February 1955

Wright .j-65, Marc.h-.june 1955

Amson j-/_, August-November i955

_.vo;,, ja,._._, No_e..b... 1955

]-57 Noise Program, .january-May i957

Ace Piloted Ram .jet, May 1957-january 1958

Solid Rocket Test, February i958; May 1958-Februa O, i959

Liquid Hydrogen-Oxygen " "" *.'_ocae_ Test, Septemoer i958-June 1959
One Axis Table, No_e .... e. !958-Tune 1959

Storable Propellant, 1959 _entire yea-!

i ¸ "

: f •
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Space Capsule Mockup, 1959 ientireyear}

OperationDizzy in gimbai,ProjectMercury, March-December 1959

[Source:Ronaldj.Blaha,"Completed Schedulesof NASA-Lewis Wind Tu- _:. +m,.,s,Facilitiesand Air-

craR; 19_,_-_986"iFebruary1987)]

After the formation of NASA, the Altitude Wind Tunnel was converted to a vacuum facility

totestrocketsin 1958 and was used forspacecraftseparationtestsand the develooment of +he

Mercu_" retro-rockets. A "Gimbal rig" was installed for astronaut training in 1959_ In the early

1960s the "space power chamber" was used to test the Centaur rocket, in the early- i980s, an ef-

%rt to rei'-abilitate the tunnel for research on icing, and propeller-powered and verticai/stationary
takeoff and landing (V/STOL} v _+ Ate+_.cles faiied. .- ,_+• p.ese .... the grand old lady stands emp*+,+...,,_.

ICING RESEARCH TUNNEL {1944}

The IcingTunnel owes itsexistencetothe much largerand no longerused AltitudeWind

Tunnel. Designed to share the reZioe.atlon system of +' _+:+,.""_ _' _ ' me A.,,_,ce Wind Tunnel, its oumose was

and is to test various aircraft components under simulated icing conditions. The" tunnel was

designed as an atmospheric tunnel, with an 4160-horsepower electric motor to simulate speeds of
300 miles per hour in a 6-foot wide by " + ", + .... ' •.9-:oo, long test section. A.. ,emp,.._tu.e can oe var-ed from

30 ° to -45 °F. it has its own heat exchanger, similar to the one that was designed by the Carrier
Comoration for the A_._uae Wind Tunnel. r+,_s spray system, designed to : _ *_+ s_mm.'a_,_ natural icing
conditions, was ; ,_ ,_*

ma,,equ_e until a umcue vaporizing spray system was designed in about 1950 by

H. Whitaker, H. C.... s.e,+sen, and O. Hennings. With reliable testing poss:me m the early 1950s,

the tunnel contributed to the development of the hot-air _"+ "am--..cmg systems now in general use on
jet :_ _-'*a_, cra_ _.

After NASA came into being, the tunnel narrowly missed being closed down. However, in
1978, ":'_w.+_.,=Lncreased emphasis on helicopters and general aviation aircraft and concern over rum

__;" in " " o.o_,Ie,.+s reawakened ana the icing program was - *+_+ ,_conse_.+o_+, interest :crag " '-, ,-,,. . eac,.v=,e,.. The
tunnet unden,¢ent a major renovation in 1986.

it was designated an L._,.n_a,,na.. H:s_or:c Mechan'cal Engineering Landmari_ by the

American Society of Mechanical Engineers in i987 for its umque heat exchanger and spray

system. [Sources: "icing Research Tunnel" brochure produced for the American Society of

Mechanical Engineers landmark designation ceremony, 20 May i.987; George Gray, Frontiers of
Flight iNew v, • +.,- ,-or_:: Knopf, 1948}, p. o.:6. i

ENGINE RESEARCH BUILDING {1942-1947}

Througnou_ the NACA -, -; ,_ ' ' +he - '_,e,,o,,, &_ Engine Research Building sERB_ was ,..s..a.,_, nea_

of Lewis. The building consists of multipurpose fiexibIe space coveting ¢25 acres which can be

adapted to changing research priorities. It is still in use for basic research on engine systems, com-
ponents, fuels, lubricants, and seals.

At an initial cost of $9,033,000, the original equipment consisted of 30 single-cylinder test

"': .... ;" " _es_ _,_m-,e test stands, anengines, 4 '" .... ' ,.m ..... _+,ncle, test engines, 6 supercharger _ + stands, 4.gas .....

_,uma,. chamber for testing engine accessories, _aeora.:ones for the study of carburetors, "_.,..'+_-
i o, .... 0-.

systems, automatic engine controls, piston rings, cylinder barrels, fuei i."_ection systems, mkxture

ratio indicators, vibration and stress of engine parts, heat transfer, and waste heat recovery.
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The Southwest Wing was added in !944 for research on compressors and turbines for jet

engines. The four altitude chambers in the "four burner area," compieted in 1947, were designed

by Ben PinkeL They were the prototypes for the test chambers later constructed at Lewis and by

indust_. They were 10 feet wide by 60 feet long, with an air supply of 80 pounds _er second.

The first engine tested in this area was the RoLls Royce Nene to a skm.,,flated altitude ot:'64,000 feet

in I947-1948. No data on succeeding tests until 1953 were availabIe.

The Sam Vv: Emerson Co. of Cleveland was responsible for the construction of the Engine

Research BuiIding in addition to the Admimstration Buiidmg, the Altitude Wind :'_annei Office

Buiidmgs, and the Gatehouse. Subcontractors mcmdea:"' " _'.,elGman' Bros., p..'umb_'ng'" process piping;

Marten Electric Co., electricai systems; Roots Connersvii!e Co., exhaust evacuators; York Ice

MacbAne_- Co., exhaust gas coolers; Buffalo Forge Co., coming air fans; A.E. Magher Co.,

refrigerated air systems; Westinghouse, G.E., and Midwest Dynamometer & Engineering Corp.,

dynamometers: Dravo Co_., air compressors; Hagan Corp. and RepubIic Now Meter Co.,

automatic contro!s. Charles Stanley Moore was the engineer in charge of its design.

Research Programs in Southwest Wing 23 Four Burner Area

J-65-B3 Inlet Airflow Disto_ion, December 1953-February 1954

J-65-B3 Performance, March-May 1954

,[-65-B3 Inlet Airflow Distortion, May-August i954

,[-55-B3 High Ram Investigation, August 1954 with engine changes
J-47 investigation :+_.w_,,_ X-25 Fuel, September o--I.,o4 .[-47-23; October 1954 J-47-I7
J-47 Turbine Blade Temperature, October-December 1954

j-47 and A. B. Lnvestigation with X-25 Fuel, Januaj-March 1955

RA-!4 Avon Investigation, March-October 1955

J-65-W4 Turbine Blade Investigation, November i955-Febmary 1956

J-65-W4 Night Performance and Surge Investigation, F ' -- -v .....eo.ua, -M,_.ch 1956
j-65-W5 X-35 Project Bee, ApdNNovember I956

J-65-B3 Turbine Temperature Program, November 1956-Februa_ i957

J-65-WI6A Sho_ Combustor Test with X-35 and .'_",,--_-,_.,,_,,.,,.,February-May. i957
RE-3 Engine Combustor Tests, June I957-March I958

5000 lb. JP-4-GOX Rocket Cooling Test, ,june 1958-july i959

Research Programs in Southwest VVing 24 Four Burner Area

J-47 F9F Ejector investigation, November 1953-,january 1954

J-47 Special Fuel Investigation, January-Apri I 1954

J-7!-A2 Engine and Afterburner investigation, April 1954-April 1955

.[-47 High VeIocity Afterburner, April-september I955

.[-47 Air Cooled Turbine and X-35 Fuel.', September-December 1955

J-47 Air Cooled Ptug Nozzle, December 1955-February 1956

3--,7-'7 with x-35 Afterburner, March-September 1956"

J-65 Zip Program, july-September I956

J-65 W5 Bee Project Spare Heat Exchanger and Control, December !956-Februa_, !957
j-65-W¢ Mach 3 with Water Injection, May I957-March 1958

j-47 Hot Rod Engine, Januav 1957-March !958

231



E N G : N fi S :\ N D i N N OVAT i O N

_ector Test, May-August i958

i000 lb. Rocket Engine Test, August 1958-March !959

At present 200 test installations support Lewis's work on both terrestrial and space propu!-

sloe systems. The building houses laboratories for testing related to compressors, combustors,

fuels, turbines, turboprops, bearings, seals, and lubricants.

8 x 6 SUPERSONIC WIND TUNNEL {1949}

The8 x 6Su_ersonicWind '_'_ :" to . . .. _u.me, :s used study _ro_uision systems, including externa:

studies o_ inlets and exit nozzles, , .- v, , ,comouscon fuel injectors, flame ,olaers, exit nozmes, and con-

trols on ramjetand turbojetengines.Itwas originallydesignedasan open ornon-returnwind tun-

he!.Because t_e exhaustgases,air,and noisewere ve.,_e_to _neoutside,,_:_was describedas "an

.... . C.,.',e_a,a. [Donald D. Baals and ;"_:_"_87,000-horsepower ougIe a_meo at zhe heart o¢ ;_" " _ " ': '

"ins, Wi.,_d " ' of NASA (NASA SP-.... 1981! o. _es,.s broke tne_unne,s *'_ _ 53.] The noise from tunnel " *:'_, '

windows of t>.e" Guerin House in tee" Rocky. River Va,.:ey:' next to the laboratory site.
The name 8 x 6 ,'e%"s to +he size of the test ":sec,o,, which is 8 feet hi_> 6 feet wide, and

25 feet long. Speeds between Much .55 _" _' _" "'a.:a 2 i (360 to ;087 m.,es De- hour! "+_ :+;", "'_- -o• . , , v,_,,, an a,,_uc,. _a_,_e

from sea ievei to up to 4.0,000 feet are a.a,._b.e. Flexible side walis after the nozzle contour to

control the Mace number at which the tunnel is operated. A seven-stage axial compressor ls

driven by three electric motors _'_.a_yield a total of 87,,,,,0mr,'horsepower. "',ms" compressor, is located

upstream from the test section.

'_' _' " :.a .... e _e.: from :."e atmosphere contained largeBecause the _a,_,00,_ pounds of ar per _'",'+ "_" _ :'.. '

amounts of moisture, large beds of activated _'u -,'_'_ prior,_i ,.,.... are necessary to A,. , •,.._ the a_r to testing.

At the conclusion of each rue, heating to reactivate the alumina is necessary.

in i950, because of excessive noise, resonator chambers were added to damp out sound fre-
quencies from 5 to I: cycles her second. A ,-'_; g * ,_". , . _,..n.o.c,._ concrete muffler _"'" """s. _c_,.e attenuates

sounds of higher frequencies.

in 1956 a S2 million renovation made tee tuned capable of testing at transonic in addition

to supersonic speeds. The test section was modified by boring aT00 holes _o aEow the air to

'%lend _' through the walls, thus _"_;._._.*;._ the shocks and oressure disturbances at transonic

sneeos. ,:na_ causea c-c_::-_.._.--o- iThe, co.,.ep._"_ o¢. the slotted wail was nioneered. _" _.,g_ey':_" ' '._"

: , ..... e, cou.c, be . ' ' e,_:-e .-"_A return leg was _ater added so that the _.... " .... antra.inc, as ..... an open system

during .... '; " 'sys_e,, tests, ':.*_"iarge doors ,,,,-,.anx ....... g directly to the _*_ ;,. _ .... osp.e.e, or as a closed

loop during aerodynamic tests. In the late 1960s, a second 9 x "5 subsonic *us*_ section was added

for use in " *'-_ ' " for ......_es_,..o scale "_ "';" or :" :".... n,..O_,..S _,.O,,,_,S,O., systems vertzca and short takeoff ann iancmg

aircraft. For a list of tests conducted see Rona!d r Biaha, " " ' ">. Commie.tee Schedules of NASA-Lewis

Wind '_' ' ......•unne_s. Faculties and *: _ c. - _ - ,,_,rc,a,4 ".94_-.L986 {Feoruarv 19871

MATERIALS AND STRUCTURES COMPLEX {1949]

This facility for basic research and "_': _ "_ "-._o_a,._e,o_...e. .... materials nan evolved _._,-;_"changing

research priorities. Initially it was used to investigate ailovs and "cermets" {composites of

ceramics ann ..e_a;s_ to be used m tufa;hen of : "je_ engines, where .*emn_''=,_','o_. ,._ .... _,..., are :he hottest.

in conjunction ";_'__.,_., developing interest in nuclear propulsion, a cyclotron was acquired from

General Electric ;- 1949 to investigate the nroblems o _ ,-,-;_;"'. _,_ _ " ". . e...o..,_,e .... n. of matenais aher radiation.

Research tools currently include a .... ,.,,.,o,_,p .... -_..... ._:_ec,o, microscone, tensile ann ,a,'4ue
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laboratories, electron beam welders, a 100-ton +_, : ,_ ,,,, _,,,,,oe.'<,,us_o:, press, and aav, u_u arc plasma heat

source for applying coatings and evaluating materials. A 69-inch cyclotron can accelerate aii light
ions to vafiabie energies to a maximum of 90 MeV. _",_ is currently being used for cancer research
and patient therapy through the Cleveland Clinic.

PROPULSION SYSTEMS LABORA'IX)RY {1952, 19691

The purpose of _e Propulsion Systems Laboratory is to test fuil-scale turbojet, ramjet, and

rocket engines under simulated altitude conditions. The prototypes for the test chambers of the

Propulsion Systems Laboratory were designed by Ben PinkeI and _iaced in operation in !947 in

the Southwest Wing of the Engine Research Building, known as the four burner area. In 1952, in

response to the need to test larger engines, tee Propulsion Systems Laboratory (PSL) I and 2, each

24 feet long and 14. feet in diameter, were built on Walcoti Road and were used between 1952 and
' 7
:9 9. in I969 PSL 3 and ¢, 40 feet Iong and 28 feet in diameter, were added at the present si_e

of the Proouision Systems Laboratory. The present laboratory can accommodate engines .:_',,

much as 100,000 pounds of thrust. Unlike wind tunnel tests, only the engines, not the engine
cowlings or mounts, can be tested Ln these chambers.

PSL 3 and z. had their own computer processing system between 1972 and !988. it was built

around the SEL 8600 computer system, which could _._._mn":+,_-_,,.1600 voltage and pressure scanner

inputs and 35 words o.-"discrete inputs. The g^ "" " ,- _c'hty also supposed five alphanumeric _sp-ays.

Data were then carried to the IBM 360/870 for final processing.

10 X 10 SUPERSONIC TUNNEL {1955)

At a cost of S32,856,000, this tunnel was built under the National Unitary Wind Tunnels
D' Of "_" " " "¢r _ ". ,an, by Act Congress, O,.,o_e, 27, I949. It was des:_nea ay Eugene Wasie!ewski as a

continuous.flow tunnel to operate at speeds between Mace 2.0 and 3.5 11320 to 231! miles per

hourl at altitudes ranging from 80,000 to 150,000 feet. It can be used either as a closed-circuit tun-

nei for aerodynamic tests or an open-end cycle for combustion propulsion research. The maLn

compressor is driven bv four 37,800-horsepower electric ._ • *. _._o_o.s. A seconda_- compressor re-

quires three 33,33C-horsepower motors. The flexible wal/of the test section, composed of highly

polished staLnless steel plates, 10 feet wide, 76 feet long, i 3/8 inch thick, is controlled by a series
of hydraulic jacks.

The i0 x I0 tunnel was intended to supplement the work of d_e 8 x 6 Supersonic Wind

Tunnel at speeds between Mace 2 and 3.8..4altitude pressure simulation can be varied from 50:000

to 180,000 feet. it is pa_dculariy useful for testing fuli-size and scale models of supersonic ra_ets,
turb_ets, and components for aircrah and missile applications.

One of the problems that had to be overcome in the design of a supersonic tunnel {o be used

for engine testLng was teat, as the air expanded in the nozzle dur'ng acceleration to suoersonic

speeds, it cooled raptly, causing condensation of the water vapor in the air. in addition to _assing

the intake air over activated alumina to a dev,_oint of -40°F in tee air dryer, an air heaier had

to be added upstream. Nevertheless, not all the problems unique to en_ne testing have been

solved: "The tunnel nozzle expands the air a bit too far at the higher Mach numbers, and it is im-

possible to simulate altitudes below 55,000 feet where the air is more dense." [Donald D. Baals

and William R. Corliss, Wind TunnJ.s of NASA {NASA SP-a40, 1981), p. 70]
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The first test of the Ge..eral mecmc J-79 engine for the first U.S. supersonic bomber, the

Convair B-58 Hustler, proved extremely useful. R. H. Widmer, Assistant Chief Engineer of the

Convair Division of the General Dynamics Corporation, wrote, "Almost needless to say, we con-

sider this test a major milestone in the B-58 program, it has given us reasonable assurance that

there is no s4,-,,cant coupling of the engine and imet automatic control systems. It has given us

dependable data on buzz limits of our inlet. And it has shown that the _ i__esu,_s should not be

severe, if the B-58 is inadveXently operated in the buzz region. Based on results of tMs test, we

have made some significant changes in the inlet control system. The net result of the above is that

we can ._roceed ',nto supersonic flight testing of &,. B-58 with a great deal more confidence, ana

with the knowledge that some very costly and time-consmming flight testing has been avoided."

(Letter quoted in Wing Tips, i.'6 January 1957)

The CADDE I {Central Automatic digital data encoder] was located in this tunnel. This

system translated the data from the test section to binary-coded decimal numbers, which were

recorded on magnetic tape, reduced by an electronic computer, and transmitted to the control

room of the tunnel.

In the late 1960s the Quiet Fan Test Facility, an outdoor test stand capable of supporting an

aircraft engine fan that operates at speeds of up to 4Z000 revo!utions per minute, was added.

For a complete list of tests, see Roland J. Biaha, "Completed Schedules of NASA-Lewis Wind

tunnels, Facilities and Aircraft, 1944-i986" (February 1986].

ROCKET ENGINE TEST FACILITY {1957)

Because of .:no possible danger ; : - ,_.nvo,_ e,_ in &,. storage and handling of cryogenic liquid pro-

pellants, the Rocket Engine Test Facili_ Complex was built on I0 acres in the South Area, where

it is separated by a buffer of empty land from what is called the "Central Area" of the center. The

purpose of the Rocket Engine Test Facility is to test fuLl-scale hydrogen-fiuo:ine and hydrogen-

oxygen rocket _rust chambers at chamber pressures to 2100 psia and thrust levels to 20,000

_' . o_ thepounds. Work on the design of the facility began in 1954 under me auspices _ Rocket Branch

of the Fuels and Combustion Research Division.

As early as 1944, rocket testing had been carried on in four cinder block test cells. These

were sup._lemented by _ ........ ,o_, large, test cells built Ln the early 1950s. In 1952 the laboratory oougnt

a hydrogen :; ¢" - ...._.que, m_, and a smaller prototype for the present facility was _,mlt in tn;s area.

The new Rocket Engine Test Facility, built at a cost of $2.5 _l!ion and completed in i957,

includes t_vo major buildings and several support se..wice buildings. Test Stand A was designed for

sea-level "'_°+;"_'_o,,-oof verticaiiv, mounted rocket engines that ex_haust into an exhaust gas scrubber

and muffler. The A * '_ ' _es_mg engines chamber pressures up to 4300s_an,_ aas a capabili V of * _: with "

psia and thrust levels up to 50,000 pounds.

Test * "'_ _ aeslgnec by Anthony " *" "S,a.,,_ _, ' " " ,_u_ not built at Lewis_onm- and Veari N. Huff in 1959 a ..

until after 1980, can test horizontally mounted rocket engines exhausting into an exhaust diffuser,

cooler., and a nitrogen-driven two-stage ejector system• The B stand, for altitude "',_,.s,no*; _, in a space

environment, has the ca_abi!itv. . of testing e,o_,:es'-_,"with ;" 'c,amoer pressures up to i000 osia and

thrust levels up to !500 pounds.

The support systems include storage dewars for cryogenic fuels and a large water rese_woir.

Smaller buildings include a block house * ." ' ....._o, ooservanon, a pump house, a nenum compressor
'_ • O"s_helter, and a liquid ayctrooen pump vaporizer " ;' ,- _ ..... tos_.e_e_. In 1984 the facility was _._o_Ir-ec_ _ro-

vide the capability for testing extremely large area ratio nozzles (to 1000:1).
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The facility has been designated a National..' Historic Landmark because of its significant role

inthe development ofliquidhydrogen asa rocketfuel.Itwas used in the development ofthe Pratt

& Whitney RL !0 engine for the Centaur rocket and the j-2 engine, with its 200,000-pound thrust,

forthe second stageof the SaturnV rocket.The hydrogen-oxygenenginescurrentlyused by the

Space S:,ut-.ewere alsotestedm finisfacility.

For additional source information, see John L. Sloop, Liquid Hydrogen as a PropuIsion Fue!,

194.54959,, . (NASA SP- '4404, !978); Wayne Thomas, "Description of the Rocket Engine Test Facility"

lunpuolished Repot, Lewis Research Ce.:_er, 19841; and James R Connors ang Robert G. Hoff-

man, "The Aerospace Technology Laboratory iA Perspective, Then and Now!," NASA Technical

Memorandum 82754. For information on the design of Test Stand B, see A_nti-ony Fortini,

TNB-257-1959, TM 5-I_59E, May 1959, TMX-100, September 1959.

DEVELOPMENTAL ENGINEERING BUILDING i1964)

The Developmental Engineering Building was conceived and built during the Apollo era.
?3 t _. IAccording to laboratory !ore, its K-shaped design honors John R Ken..eay. Comoie_ea in May

1964,itprovided officespacefor 800 engineers.An L-shaped annex completed in'Octoberi964

could accommodate an additional 300 engineers.

ELECTRIC PROPULSION LABORATORY [1961}

The ElectricPropulsionLaborato_, now in use,supplemented the earlywork or,.electric

propulsioncarriedout intheold EnginePropellerResearch Building.Itspurpose istotestelectric

thrusters,spacecraft,and relatedequipment at an altituderange of severalhundred mileswith

simulated near vacuum space environmental conditions.

It consists of two large vacuum chambers. The smaller is 63 feet iong and !5 feet in

diameter. This chamber can simulate environmental conditions encountered by a space vehicle as

it travels from 1fit-off to altitudes of over i00 miles. The larger chamber is 70 feet long and 25 feet

in &_me_e: and can simulate altitudes up to 300 miles. It is lined w'_ta c._,'ogenic condensers teat
operate at -300°R

ENERGY CONVERSION LABORATORY [1962)

During the Apollo years, the Energy Conversion Laborato_f was used for advanced study

of energn7 conversion and photovoitaic applications for space vehicles. In the 1970s, when the

energy, crisis turned dominant researcF concerns away from space toward _" "+ "_Im,e_ earth resources,
research was a:rectec _owara g, ounc_-basea ,.ne, oy'_ "_," systems," : '"mcmamg m,@roved solar cells for
electric vehicles, ;- ,_ -.-^"env.o..me._, monitoring *_sys_..ms for air and water pollution, ant *_'-.er,.,om,.._;""
and heat pipe applications.

ZERO GRAVITY RESEARCH FACILITY i1966}

Designed for the study of components, combustion, and the behavior of liquids and gases
under low acceleration or near zero graviV conditions, the _ .,*p.ese,, Zero Gravity Research Facility
was preceded by a series of _:,_ --:_ ..... _.expe...e-._. _ ......_c .... ;es, beginning with tee elevator shafts of the Ter-

"': "" first "minal Tower B_._td_-,g. The so-called "drop tower was constructed in i956. At an ;"'*_ ',;.,;.,.,a._ COSt

of $3,370,000, the present facility consists of a concrete-lined shaft that extends 506 feet into the

ground, wi*&in which a steel vacuum test chamber 20 feet in diameter and 460 feet high has been
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placed.The pressurebeforea testisreduced to 13.3 newtons per square meter.Two modes of

operationarepossible.One istoletthetestobjectfreefall,resultinginabout 5.i5secondsofnear

weightlessness. The second is to propel the object under _; -_*expe,,me,._upward from the bottom of

the chamber, then let it fail back into the s_rofoam bed at the bottom. This nearly doubles the

time of weightlessness to 10 seconds.

In a study of significant landmarks in the development of ma.mea,_' space n:.gh_,""_ _ar__'"

Butowsky stated in "Man in Space National Historic Landmark Theme Study," May 1984:

The Zero G, av._y _'aci:_ty is significant because it is the only such facility in NASA's

invento_ that can study the behavior of liquids in a low gravity environment ... In-

formation concerning liquid sloshing which can change the center of mass of a space

vehicle and thus effect vehicle stability and control is absolutely essential to the suc-

cessful performance of liquid high-ener_- space vehicles such as the Centaur and

Saturn upper-stages. The study of the _-" " o_ .......e**ec_s . ilqm_ s_oshmg on t_e performance of

upper stage liquid rockets was therefore essential to the successful completion of the

objectivesofthe American Space Program ... Research and datadeveloped herein-

volvingthe physics of liquids in a zero-gravity environment was indispensable to the

successful development of &,.se high-energy liquid fueled rockets.

RESEARCH AND ANALYSIS CENTER (1979-1980)

During the _ _ .- "._ ". ' "_' _ ',e,.e._cm.en, _eriod of the _9l,,Js the Res,.arcn and Analysis Center (RAC} was

the only major new facili_ to be built at Lewis. This centralized computer facility housed the

Univac i 100!42, purchased in I975. Lewis acquired the iBM 370/3033 in t980, the largest general

* t.e IBM 360/67m use since1966,purpose computer then available. This system, which replaced _

made possible interactive calculations, graphics, and large analytical studies. Although interactive

corn ufin_ started in 1955, when the CADDy., i s_s_,,m was _Iaced ;n the 8 x 6 Supersonic Wind

Tunnel, the RAC Building has facilitated the shift, to the current emphasis on this "interactive" or

"open" computer onHoso_ny, as opposed to the classical oat,.., type or "closed shop" of

previous . ,'_ -. comD,_e_ operations.

The _rs_ comp_,.:g ecubment.. was a "differential analyze., used to reeuce _cmg:" aa_,'_ _ro-.

babiy acGuired_ ;- 1949. Electronic, as o._._osed., to mechanical, computing began .;;" the mid-i950s

..... "_" of ' _.s, data werewith the purchase of the IBM 604. '_,_,_to ,,e purchase the CADDE system,_ _

processed from large manometer boards, which contained tubes of mercu W to record pressures.

Photogra._hs were taken of the manometer boards, _- ,- ...... ,.e, the film was ceve_opea and t_.e informa-

tion transferred to IBM cards. The time lag between completion o-"_*'-_ an 3. _ ",,,'+;. ,_o-_:_ ._ .ec.,..on of data

was usually three weeks.

List of Batch-Type Computer systems (not inclusive]

Differential Analyzer, 1949

iBM 60I, in use 1954-I956. A "mechanical" type system with mechanical storage, the IBM 601

was programmed +_,',,_,'_ " ' of. ,,v,_._ a wire _oara with output to cards. ;". ,_ processed at a speed

i0 ; _-'- _" ' "_ ousn,ess _a.:a processing and rater to process,ns,_c,zons per seconG.._ was used in ' "" ' ' .
test data.
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IBM 60/+, in use !955-I957. The first "electronic" type caIcuiator at Lewis, the iBM 604 was pro-

grammed through a wirLng panel. Input was entered on punched cards, which were read

into a card reader. It was used in the 8 x 6 supersomc wind tunnel.

Card Program Calculator (CPC), 1954-1956. Used to process scientific data, the CPC was pro-
grammed by cards, which eliminated the need for the wire board.

OODAC {Our Own Doggone Automatic Calculator}, !956-1957. Designed at Lewis by the in-

struments division to meet specific needs, it was a modification of an iBM 604 and was used

to process paper tape data.

3 IBM 650 Magnetic Drum Data Processing Machines, acquired between 1955 and i957, used un-

til the early 1960s. They >,'ere used to handle analytica I calculations and in a few cases data

reduction. The computer speed was 150 instructions per second.

Sperry Rand Univac 1103, in use 1955-I966. A vacutum tube computer, input was by means of

paper tape, with output printed on fiexiwriters. Because all ex,oe_mental data processing

was handled by the Univac 1103,itwas the most importantsystem forthe !aboratoW dur-

ing this period. Several languages for this system were developed at Lewis to adapt it to
specific requirements.

During the Apolloera,the laboratoryacquiredadditionalcomputing capabilitythrough the addi-

tionof,:he,BM 704,IBM 7090,and iBM !401 and the '"_':._aa_._-o,of directcouplesystemsfor
use in analytical processing.

Cray IS/2200, I982-1985

Cray X/MP-24, acauired _980

Interactive Systems {not inclusive 1

CADDE i (Central Automatic Distal Data Encoder}. in use from i955 to 1968, CADDE was the

first centralized computer system at Lewis and the first to record data on magnetic tape

{qua_er inch). It replaced the old system of processing data using banks of manometers,

which were then photographed and data reduced by female "computers:' After the film was

developed, the information had to be transferred to IBM cards for processing. Although it

had four tape drives, it could only record data from one faciii_, at a time. it se_'ed the

I0 x I0 Supersonic Wind Tur'mel and four additional facilities. The system could provide

feedback of data during a test, making it possible to modify a test in progess. Computations

were available in the control room 30 seconds after the data were taken in the test section.

" a. • * _,j. O_ , O ;&_iData were recorded zrom Au_omatzc Vo:,aoe Digitizers (AVDs} and from a Lewis-built Die,'*-'

Automatic Multiple Pressure Recorder (DAMPR] system.

CADDE il, in use from t968 to i980, could record at rates up to I00 samples per second and could

record data from three facilities concurrently. It se_ed 63 facilities.

iBM 06,,/67, in use from 1966 to I980

IBM " / • " '070,3033, acqu:rea 1980
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POWER SYSTEMS FACILITY (1989)

Ground was broken forthePower Systems FacilityinFebruary 1986.The firstnew building
at Lewis since the RAC _,::_,_.,c, ............o was completed m 1980,the $6.1millionfacilityism:enaea for

researchand development of the power system for the space station.This wiilincludethe

_eve_opmen. and integrated testing of both ' * , :*_ _ " *pno_o'_o_a.C and so_ar _ynam_,c power systems.

PLUM BROOK STATION, SANDUSKY, OHIO

Located about 50 miles from Lewis,the facilitiesatLewis'sPium Brook Stationconsisted

of an EngineeringOfficeBuildingand largefacilitiesfor full-scaletestingof rocketsimainly

nu,._ea.IanG tnmr .o...... ,,.... ocompone.,_s•VariousstorageanG pumping facilities_ _ _o_,,_'.';,_cryogenic
fuelswere alsolocatedhere.

The stationincludedabout twelveto fourteensmallerresearchfacilities,forexample, the

C_ogenic PropellantResearch Faciii_,the High Energy Rocket Engine Research Facility,the

Nuclear RocketDynamics and ControlFacilityi1959;see descriptionin Orbit,3i 7uiy1959),the

E SiteDynamics Research Facility{1960),and the AltitudeRocket TestFacility{B-l)ii961}.Plum

Brook had a staffof approximately500 people•

Nuclear Research Reactor Facility {I956-1961)

The origin/ pu:-pose of the reactor facility, designed by Ben Pinkel, was for research

ssoc,a_edv¢:_ aircraftnuclearpropulsion.However, when the facilitywas comn!eted in 1959,

the m_e_es_"_ _ +in aircraftnuclear._roouision,had'waned, instead,research'was directedto suppo_

the development of a nuclear rocket, in particular, the effect of radiation'" on _...a_er:,a_s._" " As Orbit,

the laboratorynewspaper, sta_d in :isiz.August 1959 issue:

The primary objectiveof the Nuclear Research Reactor Facilityisto provide the

means for making the various tTpes "" " *" Ge_;eIo_,memoz mvestga_ons needed to assist the : • _,

of the space vehicle reactor. These include pumped ioop studies of the peHormance
and" "_ "; _ ...._e,,a_,o_of fuelelements and _ _; .... ofoLer reactor . -" -.+ •comDo._e.-_S, ,.,,_._o raala.nonon

reactor materials and the ; • - *: _ " ",n_e_ac_o:. between reactor materials; the effect of radiation

on vehicle structure, fluids, and '_',; .-_ --*" " ......e,_,.p_..e,_, sh:e_a studies;and nuctear payszcs ana
solid state _hvsics exneriments -, *',- _ ' ' ' "" '.... _,er_.,en_ to the _eve_opment of the s_ace. _,_'_,.,,zc_,_
reactor.

The 60-megawatt reactor was a modification of the Atomic Energy Commission's Materials

TestingReactorat the NationalReactor TestingStationin idaho,itiscomposed of a graphite-

uranium core..he core is aonroximately., a 30-inch cube, wmch holds 27 _u,.___: e_emen.:s'' of an

enr:,cnee ura:._un; alumn,,m alloy. _ne core is contained ".ina pressure tank shielded oy special

heavy-densityconcrete.Additionalshieldingisprovided by a pool of water divided intofour

quadrants.Movable bridgespermJt accesstothe concreteplatformnear the top of the pressure

tank.Fu_her containmentisprovidedby a cylindricalsteeltank.A systemofwater canals25 feet

• _'_ _es_de,._ were used to move radioactive _ • materials from the reactor to storage areas and to the
seven hot cells in the associated hot iaborato_,.

Planningbegan in 1954. ^,-+;, _; " ,,' ,_,,_o,,zea by Congress May 23, 1955 {P.L. 4¢, 8_.,:n Congress h the

selection of the site was announced on September 20, 1955, after a survey of 19 locations by

Nuclear Development Associates. Ground was broken on September 26, !956. Construction was
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completed in i961. An Atomic Energy Commission provisional operating license was granted on
March 14, I96!, and on June I4 the reactor became . +; : ,':o._era,.ona,. Fu-s capacity was reached on

April 2i, 1963. A ten-year operating license was granted by the Atomic EnerD- Commission on
Apns ,2, 1965. The initial cost was Si4,ao6,0u0.

In i973 the reactor was shut down. The facility is currently leased to the Garrett
Corporation.

(For specific accomplishments, see J. B. Barldey, jr., "Significant Experiences of the NASA

Plum Brook Reactor Facility," NASA TM X-5249I, !968.}

Hot Hydrogen Heat Transfer Facility {1966)

Authorized it,. I962 for research on nuclear rocket nozzles and their components, the facility

consisted of a heat exchanger to supply hot hydrogen gas to simulate the temperatures of a nuclear

rocket reactor. It consisted of an induction-heated, graphite pebble bed heater capable of

temperatures, of 3500°E ..Tn197i the facility, was converted to a hypersonic *,u:.ne:,--: by the addition

of a heat ejector and three 42-inch water-cooled nozzles for Much 5, 6, and 7 ": -,o_era_,o:.. [Source:

Donald D. Baals and William R. Corless, Wind "I_an_.e_,sof,NASA {NASA SP-.440_ i981}, p. 98-99]

Spacecraft Propulsion Research Facility _19681

In_en_ea _or hot vr,.ngs of full-scale launch vehicles under space vacuum and _"_nerma- con-

ditions, .".he Spacecraft Propuision Research {B-2} Faciii_ simulated orbital altitudes of !00 relies

for periods of up to two weeks. The test building is approximateIy 70 feet high and extends below

o.oune aoou_ 176 feet. could accommodate launch vehicles 22 feet in diameter and 50 feet rage.

The first test in the faciiity was hot firing of two RL-I0 engines to modernize the Centaur vehicle.

_es_mg of the NERVA [Nuciear ...,.,,.,,.,,,.._',,o';,',,_for Rocket Vehicle Application} _eropeIlant feed system was

also carried on here. in June t974 it was placed on standby status.

It was nominated for the National Register of Historic Places in May 1984. See Harry

Butowsky, "Man in Space National Historic Landmark Theme Study."

Space Power Facility {1969}

The facility is essentiai!y a very large vacuum tank to provide a space environment for the

study of nuclear _'_rooulsion.. At the time it was _"'_*,,,_.... _t"was .:at" 'mrges_" in the" world. The' test

chamber itself is 100 feet in diar, eter and i22 feet high, making a Ngh-vacuum volume of 800,000

cubic feet available. It was designed to ir,.clude the capabiii_ for the ground test of advanced

nuc._ear-eiec_r.,c s._ace, power systems.. For _n's reason it is surrounded by a ,.o,c.e_e"", - " sne_i''" 6 to 7

feet in thickness. Nuclear reactors at power levels up to 15 MW ithermai} can be safely o._erated

in the test chamber. Major programs: Skylab Shroud Separation Tests, _soe Brayton Co ,ersion
Technology, Centaur/Viking Shroud Qualification, Reactor Brayton Conversion Technology, High
Voltage Solar Array and Soacecraff Technology. _ ..... . : ,acee on stana-oy in !975, the Space Power
Facility is "' .....curren_iy undergoing ....... +; in _ . rob,ram._e_.ab,_._on for use the s_ace station p o
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 /][ANAGENIENT

STRUCTURE

THE NACA PERIOD: 1942-1958

George Lewis did not bdieve in organization charts, which he regarded as excessively

bureaucratic. Lewis Laboratory during the NACA period had no formal organizational charts,

although complete listsof personnel and theirassigned jobs existfor Janua_ !942 and
December 1949.

In january 1942 the organizational structure was divided into two parts: administrative,

under Edward R. Sharp,ConstructionAdministrator,and constructionunder ErnestG. Whitney,

Senior Mechanical _,no...ee..__.- - Sna_'. was -',amea' M&.a6e.:' - _ _ ...:.-Decemoer' 1942 and Director in 1947,
a position *' " ' ' 'ma_ ne heldthrough thetransitiontoNASA. He ,"_*;_ 'in..... ea December 1960 and died in
july 1961.

January- 1943, four research divisions organized:

Fuels and Lubricants Division, Addison Rothrock

Thermodynamics Division, Ben Pinkd

+:_ *: "_ E.G.Engine Ins,&,a,,o_.Division, Whitney

Engine Research Division, C. S. Moore

March i943, Engine Research Division divided into:

Engine Components Research Division, C. S. Moore

Engine Research Division, John H. Collins

Ap_., !943, E.o.:ee.. o Services Division, Charles A. Herrmann
_::O, _ _., ,on, Research Division, Joseph Vensei

July" i943, Supercharger Division, Oscar Schey

October 1943, Engine '_ * " '" , _,_ ; :_, _ + :ms_a.uauon D_v.s.0n. Abe Sa:ve.s.em

First Major Reorganization, October 1945

Manager: Edward Sha_

'" "¢ Of ' ._" '_"Cn:e_ Research: Addision Ro...oc_

_xe_.,a_,x.v Ccxaa_Oa. r _ r,-,..ome,... K,.mpe.
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Fuels and Thermodynamics Division, Ben Pinkei

Fuels, Louis Gibbons

Combustion, Ted O'son

Thermodynamics, Eugene Manganiello

Compressor and Turbine Division, Oscar Schey

Basic, Frank Marble

Applied, Robert O. Bui!ock

Engine Performance and Materials, John Collins

Operation and controls, Arnold E. Biermann

Engine Performance Branch, John C. Sanders

Materials,Milton C. Shaw

Wind -_unnels and _":-'_ghtDivision, Abe S,_;:'e__s4._;,_n

icing, Wiilson "+ +_umer

Flight, joseph Vensel

Altitude Wind Tunnel, Alfred W. Young

Supersonic Wind Tunnels, Louis Monroe

• 4- a.Asses,ares to Division v,mez_:""

John C. Evvard

William Peri

irv " ' :Pm_e_

Neweil D. Sanders

In August 1949 Abe Siiverstein became Chief of Research to fill the vacancy created by the

transfer of Addison M. Romrock to the NACA, _eadquarters office. _ugene J. Manganiel!o was ap-

pointed Assistant to Silverstein, and Jesse H. Hali was designated "Staff Assistant to the Chief of

Research. C_,,_on Kemoer, .:xecu.nve Engineer, was ,eaSS,o_,ee &_ Office of the Chief of

Research to report to Silverstein..All research divisions were placed under the immediate supe_i-

sion of Siiversiein. In a memo dated December 21, I949, S'iverstein stated, "To clarify the line

organization of the research divisions, the _;-me of command for laboratory research operation :s

authorized to oass through and only .:nrougn the Chief of Resea, cn, Abe S,_ve_s_e .... Ass:s,am

Chief of Research, Eugene j. Manganielio, and from there through the D_vision, Branch, Section

and any group ieadershm."

John Collins was appointed Assistant Chief of Research for " ":,_4.{,.,oor_,,_,on, Intelligence, and
Liaison• Ben Pinkel and Oscar Schey were also designated Assislant Chiefs of Research.

Second Major Reorganization, October 1949

Compressor and Turbine Division, Oscar S,,ne_, Chief

Engine Research Division, Eugene Wasieiewski, Chief

B,u,.__ ,'-_ Lundin, Assistant Creel'"

Fuels and Com_ust:on Division, * _ :+-' " _a,,e_ T. Oison, Chief

Louis C. Gibbons, Associate Chief
• _ + a.Hen_ Barnett, Ass,s,am Chief
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Materials and Thermodynamics Divisio-n, Ben Pinkel, Chief

Physics Division, Newel1 D. Sanders, Chief
",r_ O.I. I_1_, o Pinkei, Associate Chief

Supersonic Propulsion Division, ]. C. Exward, Chief

D. D. Wyatt, Assist_t Chief

Minor Reorganizations During the NACA Period

ne office of Chief of Research was aoo_.sned and Silverstein oecame Associate Director m

_9_2; Eugene Maa.oan, ello became Assistant D,.e,._o..

in December I954, the Supersonic PropuIsion Division was expanded to include the Special
Projects Branch, 8 x 6 Supersonic " -- '_u..me..' Branch, the Operations Branch, and the 10 x i0 Super-
sonic Tunnel Branch.

On December 22, 1955, the Flight Problems Research Division was created under I. irving

Pinket. I. A. Jo1_.",sen and E. E. Bisson were appointed Assistant Division Chiefs.

After Ben Pinkei, Chief of the Materials and Thermodynamics Research Division, Ieft to ; "-,
j O-*^

the Rand Corporation in August 1956, his division was divided into the Materials and Structures

Research D_,s,s,o_, and the Nuclear Reactor Research Division.

Organization Under NASA: 1958-1977

The first chart under the new NASA structure was prepared under Sha_ as director in

March 1959. Although the iaborato_- was renamed Lewis Research Center, there was con-

siderable continuity be_een the NACA and NASA management structure until December 196I.

A new orgamzational cna_ prepared by Abe S,b ers_e^n after his return from. Headquarters clearly

shows the new division between research and development.. The i963 chart shows the p,o3ec_s-:"
added to the development side.

Bruce ._unean became Director in _969, but ,t'.,. tea! organizaion changes eo not slnow up

_" _e^m.,mted. Charts for !959, 1961, a96o, 1968, an_ 1973um'a 1973, when nuclear research was * - ;....

are inctuded to show changes in organization under *_e NASA structure.
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NASA-I,EWIS ORGANIZATION CtIART 1952 (IIYPOTI-tF, TICAL)

o.Ko,,_,,o, J l _"_"'_'_ F-q ".°."'_oy

J. D. [ousi,qnanI W. J, McCann

CHIEF Of: llESFARCH

A, Silversbei_

OF RrSEARCtt PLANNING _ t.I_ISON|

f J. Ma_}gm_!e_lo & 14.ColIEns,J_. l

COMPRESSOR & TURBINE

RESEAf;;CII DIVISION

O. W. Schey

ENGINE DbSEARC}I I)IVISION ]

1I:'. W, Wasielewski

FUELS & COMBUSTION q

JRESf!ARC}I DIVISION

_M T,OIso¢_

MAITRIALS & THFI_MODYNAMICS l

RES, OIWSION ]l). Pinkel

PHYSICS DIVISION

N, D, .%lnders, I. I, Pil)kel

SUPEiqSONIC P['IOPUI_SION [)IVISION ]

1J. C, F,vvard

BUDGET OFFICE ]V.Gordon

FISOAI. DIVISION ]
t£, J. Baxter

CONfRACTOR & CONSTRUCTION
ADMINISIi_ATOFI

J, R. f3_ai 9

_{ CONTRACTADMINISTP, AI"ION DIVISION 1M. V. Organ

,_ PROCUflEMENT DIVISION ]W. Dey Jr,

PEFISONNEL DIVISIONJ, S. 13rown

RI_SEARCI.I |_POFIIS DIVISION

|J. Mulcahey

4 I_NGINEI-RING D_'b'_.FTING

L. J. Still

Et_I'CTRICAL ENGINEERING DIVISION

K. D. 8mmbagh

MECIIANICAI. ENGINEIFIING DIVISION

}I. Koltas

FACILITIES ENGINL:Ef_IING DIVISION

8. G. Gulick

1

4

"1EOtINICAI. SrFIvICIS DIVISION

C. A. Iqe_rrnann

!
ASST. FOFI PI ANNING

C, S. Moore

MECHANICAL SERVICES DIVISION

S. "2. Kramer

1
EI.ECTFIICAL OPFRATIONS DIVISION /

1W, Maxim

FABRICATION DIVISION ]W. E. Dewey

MECHANICAL OPERA'I'IONS DWIStON

11 M, McComb

PLANT OPEF_ATIONS DIVISION

J. E. EvereIl
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NASA-I,EWIS ORGANIZzYI'ION CIIAR'I' 1959

PROPULSION CHEMISTRY

DIVISION

W. T. Olson 9100

I }PIIOPULSION AE_/O,r)YNAMICS

DIVISION

C, F. Schueller 9500

DIRECTOR

L:, R. Sharp

ASSOCIATE D_FII!CTOR

................... 1 E.J. Mar_9m'de o

t_uuLit:/Ut-I']U_H / 100 STAFF ASSISTANTS

v.co,_o,, ,_o '/ .........I ....... if-"""'"°' .
........... J I H, (5. :sessions ] t 0

1

A ....... _ ........................................................ _
SSISIANT DIRECTOR q ASSISTANT DIRECrOR "7 [ ADMINISTRATIVE MANAGEMENT

/ / _ CHIEF OF TECItNICAI.. SERVICES OFFICER

..,.Lu,,,li,, 9000 _ J C.E,_,a,, _-000 J [ O.W.S_hoy 7,0 J.S.,_o,',,, 1000

DIVISION DIVISION DIVISION

W, E. Moeckel 2200 J, C, Everetl 7100

PFIOPULSIONDIVISIONSYSTEMS
D. S, Gabriel 9600

FUEl. SYSTE'MS DIVISION

I, I, Pinkel 9700

MATERtALSAND SIRUCTURES

DNISION

S. S. Manson 2300

INSTIIUMI!NI'AND COMPUTING

RESEARCH DIVISION

J. H. Hall 2400

I NUCLEAFI RFACTOR DIVISION FI.. V, flumbto 2800

FACILIflES ENGINEERING

DIVISION

J, R. 13rai 9 7009 i

_[ TEST INSTALtATIONS

D_VISION

W, A. Fgan 7200

,_ FACILITi|iS OPE f:tA'IIONS

DIVISION

J. N. Vivian 7300

FABRICATION DIVISIONA. F. Reader 7400

_[ FACII_If IES ENGINEERING

DIVISION
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ENGINES AND INNOVATION

NASA-LEWIS ORGANIZATION CHART 1963

D',RECTOR

Abe Si)verstein

DEPUTY D;RECTOR

E. J. Mangan:eiio

BUDGET 0,'- .'- ,C _

V. Gordon )
{

PLUM BROOK STAT!ON

A, D, Johnson
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OFFICE OF RESEARCH

PLANS AND PROGRAMS

J. F. Connors. Chlef

NUCLEAR REACTOR

DIV[S!ON

L. V. Humb!e, Ch:ef

ASSOCIATE DI RECTOR

FOR RESEARCH

E. J. Mangani_:_!o

}DEPUTY ASSOCIATE D_RECTOR

i FOR RESEARCH

i J. C, Evvard

MATER:ALS AND

S,_,,,,_ _R:S D!VIS'_ON

S. S. :7;_,.oo,,, Ca:.,

Iiiiiii

_,m_;v,,S .mY AND ENERGY

CONVERS!ON DIVISION

N. D. S_:',ders, Chief

I

)

PROPU LS_ON D!v;SION {

W. E. Moeckel, Chief i

n

l

,r-LU _D SYSTEM

COMPONENTS DIV!S_ON

i, !, Plnke',, Ch:ef

;NSTRUMENT AND

COMPUT!NG DIV!S_ON

j, H, Ha',:, Chie':
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1• .il

: .':: ASSOC!ATE DIRECTOR
FOR DEVELOPMENT

, .'i _, T. LuRdi,'1

/i:: : DEPUTY ASSOC!ATE

.. ' D_RECTOR FOR

• <" DEVELOPMENT

Vacaa:

:_

,i

.... IIIIIII III

I
CH!EF OF TECHNICAL

SERVICES

O. W. Schey

ASSv_,,A, = CH!EF OF

TECHNZCAL SERVICES

C. A. Herr,mann
L

i iiiii iiiii iiiiii

l
OFFICE OF DEVELOPMENT {

PLANS AND PROGRAMS "---

C. F. Schue_!er, Chief I

tL

i CENTAUR PROJECT

i
I D.S. Gabriel Manager
1

i
I AGENA PROJECT

i S.C. Himme:. Ma::ab, er

k,

CHEM;CAL ROCKET

SYSTEMS DtV!S_ON

',. A. Johnsen, Chief

L

f

!
ASSISTANT D_ __-:EC, OR
FOR ADM_N ISTRATtON

H, C. _srn_'tt

iiiiiiiiiiiiiiiiiii

1
ASS{STANT D'l RECTOR
FOR PUBLIC AFFAIRS

_v T. O_son

OFFICE OF R_,_B,_, _ . i

,,_z AND OUAL!TY ASSURANCE 1
i R.R. Godman, Chief1

SPACE POWER SYSTEM

D!VISON

B. Lubarsky. Chief

_f

]

i S A_=_.,.,Ar, TECHNOLOGY

D W',S;ON

f J.H. Chi_ds. Chief

}
i ADVANCED DEVELOPMENT

,,u: AND EVALUATION

! ., V S,ON

i H.M. Henneberry, Chlef
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E N G,_ N E S AND i N N OVAT_ ON

NASA-LEWIS ORGANIZATION CHART i968
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APPENDIX D

A comparison, o.".the budgets of the three NACA laboratories shows that _'-{_,,ougno'u _ the

NACA ._eriod, Lewis had an only sa_...y_'_._':lower _o_-*_:budget than' Langley.: in contrast. Ames

received sometimes less than half that of the other two laboratories. This is because, even in the

NACA era, Lewis depended on large fadlilies for engine testing. They are expensive to build and
to run.

During theNASA period,between 1959and 1968,the Lewis budgetwas substanliailylarger

than thaiof Langley or Ames, a fact_" _ _ _ "_ '_na__e_e,xsthe _o_" _...." _ of ' , _ ,_ ,-_ projects

supe_'ised by Lewis. Construction of the large rocket test faciiities at Plum Brook was begun at

thistime.In 1963 fundingforthe constructionof NASA facilitiesreached itsheight,with Lewis

,ece_v.no_; :. _ $4£8 million. This ,,_,,,_,.;;_',-_can "Decompared to funds for tne_ co,_s_,'_.....,_c_o_;,_ o.".facii'i.ties at

Langley at 59.8million,Ames at $14.4 million,and Kennedy Space Center at $334 -_;_;,,.,.o,,."_ In

terms ofthetotalNASA budget,Lewis had become a smallfishina verylargepond. Nevertheless,

• " :a '_ _ a " _; _; "_ " " "between i959 and 1965, the year that Lewis receive,_ '.is _ _oes_ pp, oy_,a_,o_,, _ts budget nan

increasedfrom $39.19 millionto 5393.30m:.=zon,":"By. 1968 i_.had declinedto an alltime 'iow

of $!99.64.
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ENGINES AND i N NOVAT[ ON

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

iin dollars)

HEADQUARTERS LANGLEY AMES LEWIS V_7_LLOPS DRYDEN

!940 157,946 1,641,150 104,020

! 941 i 96,935 2,09 !, 889 229,307

1942 328,979 4,215,736 828,921 42!,789

1943 371,353 6,002, _-_47 1,604,651 4,559,693

1944 416586 7,667,537 2,535,386 7,972,423

1945 _-¢07,806 10,$32,226 3,050,071 i0,455,750

1946 764,200 13,616,625 4,921,660 13,930,715

!947 623,612 1i,826,3!5 3,962,356 12,354,438

1948 1,392,862 13,694,187 5,!34, i40 12,708,420

1949 788,356 15,327,202 6, i26,230 14,3i5,302

1950 895,124 !6,705,748 6,990,932 i6,043,756

1951 !,081,842 17,63i,974 7,535,318 16,4i6,186

!952 1,200,616 19,692,924 8,277,495 18,38!,205

1953 !,137,088 19,261,787 7,794,571 17,292,736

i954 1,340,524 !9,503,862 7,980351 17,598,976

1955 !,338,752 20,117,456 8,498,0! ! 18,207,519

!956 1,541,237 22,083,125 Ii,269,561 21,996,4i5

1957 1,623,981 27,976,270 13,267,350 25,662580

1958 1,958,201 32,774,912 20,3i2,089 30,461,848

643,376 326,922

466,407 685,072

803,904 919,281

777545 i,208, i63

594,371 I1368,065

756,093 1,437,368

687,925 1,705,182

910,2!7 i,913, i34

1,001,005 2,117,607

2,323,465 2,565,353

{Not including Western "" -::" _:"_ ¢v_o ....... e.so:. Coo .......... _ Office, Paris Office)_c_c.:.a..._ Office, ' :-;c_,*._o._* . ._ -,_;,_:_,_

Sources: The B_dget, 1940-1955; NACA Annual Re_orts, 1956-1958; Ale< Roiand, Model Re,searc_
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APPENDIX D

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (1958-1977)

{in millions of dollarsl

TOTAL LEWIS

1959 330.9 39.19

1960 523.6 '44.85

i961 964.0 58.14

1962 1,825.3 108.28

1963 3,674. I 345.70

!964 5, !00.0 381.8i

1965 5,250.0 393.30

1966 5,175.0 317.16

1967 4,968.0 244.88

1968 4,588.9 199.64

1969 3,995.3 183.7

1970 3,749.2 207.5

i97! 3,312.6 245.3

1972 3,310.1 257.4

i973 3,¢07.6 33 I.

1974 3,039.7 303.

i975 3,32i.2 283.9

1976 3,551.8 303.6

1977 3,819.1 340.1

Total.'sincludeResearch & Development, Constructionof Facilities,and Research and ProjectMaaagen.¢nt
monies.

!v_SA Historical Data Book, I958-i968, voi. I, NASA Resources INASA SP-40!2, 19881, p. 384. Lewis Research
Center FinanciM Office.
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APPENDIX E

LEWIS RESEARCH

CENTER PERSONNEL

t 941- 98aI

In 194i, a nucleus of 150 staff was transferred from Langley Memorial Aeronautical

Laboratory to the new ,_;._,.,,,._* ,_:.o..,_v"_,_"_"Research Laboratory, During the NACA period, the staff

remamec at a _e_a_e_y co.s_a._ _eve_. 1962 _e staz_ began to expana rap:G_y; _,_.,._

i,;c,:. " level m _ . i966 the _o_a_s began to cec_'ne, The most.o..es_ " 1965, with 4,815 employees. A_e _ ' s_'_::" + _ " '"

dramatic reduction in staff occurred between i972 and 1974, reaching its lowest level in 1982.

Source: Lewis Research Center: Mas,.er"" _ _;';';:a_.z._,es Plan (Whitley/Whitiev. 1985!

STAFF PERSONNEL (I941-I966)

I941 i946 195I 1956 I96I I962 1963 1964 1965 1966

Pe .... _.e.,

Employees 150 _,,_8_ 2,o_o 2,72a 2,l_b 3,815 .¢,577 4.805 -.,8_ 4,b_9

Temporal,
gmniovees.. N/A N/A 24 29 _,J_" 32 o_"9 32 32 32

_.em_orarv
Summer

gmvloyees, 0 0 0 20 65 90 !00 __,_'_'_!70 2",_1

Sea, ice

Personnel 0 N/A N/A N/A 30 50 1_5 i!5(C) _'7°<_..:.... _9_iC;....
_ai. B:- . 127{PB!_, fl aO . ,.._:

C = Cleveiand
PB =Pium Brook
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STAFF PERSONNEL (1967-19761

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976

x ik

x

/ •

Permanent

Employees 4,676 4,452 4,269 4,200 4,036 3,796 3,343 3,089 3,042 3,025

Temporary

Emp!oyees 59 28 44 45 36 27 25 49 63 70

Temporary
Summer

Employees I93 103 82 98 140 129 71 132 177 i75

Se_'ice

Contractor 233{C! 221{C_ 247{C) 275(C} 371iC ) 3991C } 392(C! 342{CI lOliC} b i421CI b
Personnel !44{PB! 137[PBI 142(PB} !071PB} !22{PB} 122{PB) 129(PB) iI3{PBI

C = Clev_and

PB =Pium Brook

STAFF PERSONNEL (1977-1983}

1977 1978 1979 1980 198! I982 1983

Permanent

Empioyees 3,013 2,914

Temporary.
Employees 78 88

Tempora_
Sum_er

Employees i76 !03

Service

Contra_or 136{Q b 245(C! b
Personnel

2,848 2,822 a 2,690 a 2,485 a 2,629 a

, .a !17a99 I05 a £Ra :8_.

67 183 a i80 a 170a !59 a

278_Q b 518 :_,a _, ,, :_t 307[CI 320iCi 770iCi a

Data as of June 30, 1984, in each case except as £oiiows:

aMay !5, i984
°March 31, 1984

C C_eve._c

PB = P!um Brook

<
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